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Abstract
Bianchi attractors are near horizon geometries with homogeneous symmetries in the spatial directions. We
construct supersymmetric Bianchi attractors in N = 2, d = 4, 5 gauged supergravity. In d = 4 we consider
gauged supergravity coupled to vector and hypermultiplets. In d = 5 we consider gauged supergravity
coupled to vector multiplets with a generic gauging of symmetries of the scalar manifold and the U(1)R
gauging of the R-symmetry. Analyzing the gaugino conditions we show that when the fermionic shifts do
not vanish there are no supersymmetric Bianchi attractors. This is analogous to the known condition that
for maximally supersymmetric solutions, all the fermionic shifts must vanish. When the central charge
satisfies an extremization condition, some of the fermionic shifts vanish and supersymmetry requires that
the symmetries of the scalar manifold do not be gauged. This allows supersymmetric Bianchi attractors
sourced by massless gauge fields and a cosmological constant. In five dimensions in the Bianchi I class we
show that the anisotropic AdS3×R2 solution is 1/2 BPS. We also construct a new class of 1/2 BPS Bianchi
III geometries labeled by the central charge. When the central charge takes a special value the Bianchi III
geometry reduces to the known AdS3 × H2 solution. For the Bianchi V and VII classes the radial spinor
breaks all of supersymmetry. We briefly discuss the conditions for possible massive supersymmetric Bianchi
solutions by generalizing the matter content to include tensor, hypermultiplets and a generic gauging on the
R symmetry.
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I. INTRODUCTION
In recent years intensive research on extremal black holes in AdS space have unveiled relations
between seemingly unrelated fields such as gravity and condensed matter systems. In AdS/CFT
extremal black holes provide the bulk gravitational description of zero temperature ground states
in strongly coupled field theories [1]. Many condensed matter systems show novel and diverse phase
structures. At the quantum critical point the field theory description is strongly coupled and exhibit
phase transitions at zero temperature due to quantum fluctuations [2, 3]. The presence of diverse
phases in the field theory predict an equally large number of dual extremal geometries in the bulk.
It is an interesting program to identify and classify various possible extremal geometries. Some
of the earlier work in this direction have identified extremal geometries that exhibit Lifshitz and
hyperscaling violations [4–9]. Of more recent research interest are extremal black branes dual to
field theories with reduced symmetries [10–21]. Some of these examples are anisotropic and display
interesting phenomena such as violation of the KSS bound [22] when the anisotropy becomes much
larger than the temperature [23].
In five dimensions homogeneous anisotropic extremal black brane geometries have been con-
structed in [13, 14]. The metrics display manifest homogeneous symmetries in three spatial di-
rections. It is well known that the Killing vectors that generate these symmetries form algebras
that are isomorphic to real Lie algebras in dimension three. These real Lie algebras have been well
studied and are well known through the Bianchi classification [24, 25]. The five dimensional ge-
ometries that display manifest homogeneous symmetries in three spatial directions are referred to
as the “Bianchi attractors”. These near horizon geometries are exact solutions to Einstein-Maxwell
theories with massive/massless gauge fields and a cosmological constant. 1
Black holes inN = 2 supergravity exhibit a phenomenon known as the attractor mechanism [27–
30]. In a black hole background moduli fields flow to fixed point values at the horizon irrespective of
their asymptotic values at spatial infinity. The fixed point values are determined entirely in terms
of the charges carried by the black hole. As a result the Bekenstein-Hawking entropy of the black
hole is determined in terms of its charges. Although initial studies have focused on supersymmetric
black holes, it has been realized that the attractor mechanism is a consequence of extremality [31].
Subsequently the attractor mechanism is generalized to non-supersymmetric extremal black holes
1 The terminology attractor is used because the horizon geometries solve the field equation exactly. Interpolating
numerical solutions have been constructed in [26], justifying the terminology. However analytic solutions are much
harder to find.
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[32, 33].
In recent years enormous effort has gone into generalizing the attractor mechanism to gauged
supergravities [34–41]. Significant progress has been made especially for dyonic AdS4 black holes
[42]. Large N index computations in the dual twisted mass deformed ABJM theory find perfect
matching of the microstate counting with the Bekenstein Hawking entropy of the black hole [43, 44].
It is interesting to ask if the attractor mechanism generalizes to black brane geometries in AdS.
In this light, the first step is to embed these geometries in supergravity in order to study their
properties such as supersymmetry and stability.
Some steps in this direction have been taken [35, 45] and explicit examples of Bianchi attractors
in N = 2 gauged supergravity are constructed. However it turns out that the geometries are
non-supersymmetric and are unstable under linearized fluctuations unless certain conditions are
satisfied [46, 47]. The conditions are such that there must exist a critical point of the effective
potential and the Hessian of the effective potential evaluated at the solution must have positive
eigenvalues. For non-supersymmetric extremal black hole solutions the above two conditions are
sufficient to guarantee a stable Bianchi attractor in gauged supergravity. However supersymmetric
solutions always satisfy these conditions and guarantee stability.
In this work we look for supersymmetric Bianchi attractor geometries in N = 2 gauged super-
gravity. As a warmup, we study d = 4 gauged supergravity coupled to vector and hyper multiplets
with a generic gauging of the symmetries of the hyper Ka¨hler manifold. In four dimensions the
homogeneous symmetries are along the two spatial directions and the corresponding Lie algebras
are of two types namely Bianchi I and Bianchi II. Bianchi I geometries such as AdS5 [41] and z = 2
Lifshitz solution [48, 49] are well known solutions in this theory. In the Bianchi I case, we construct
the AdS2×R2 geometry sourced by time like gauge fields. We analyze the Killing spinor equations
and find that the radial spinor preserves 1/4 of the supersymmetry. The gaugino and hyperino
conditions impose additional relations on the parameters of the theory. In the Bianchi II case, a 18
BPS AdS2 ×H2 solution sourced by magnetic fields has been found recently in [50]. We construct
a AdS2×H2 solution sourced by time like gauge fields and find that the radial spinor breaks all of
the supersymmetry. The Bianchi I and Bianchi II classes we studied in four dimensions correspond
to the symmetries of R2 and H2. These are the only possible Bianchi classes of metric that one can
construct in 3+1 dimensions with homogeneous symmetries in two spatial directions. Of course
there exist more general manifolds like T 2 [34, 51], however they do not belong to the Bianchi class
and we do not consider them in our analysis.
In d = 5 there exist a richer class of Bianchi attractor geometries. We consider the N = 2
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gauged supergravity coupled to vector multiplets with a generic gauging of both symmetries of the
very special manifold and the U(1)R subgroup of the SU(2)R symmetry group. From the gaugino
conditions we find that there are no supersymmetric Bianchi attractors when the fermionic shifts
in the supersymmetry variations are non vanishing.2 This is in the same spirit as the general
analysis for maximally supersymmetric solutions [41, 52]. This result holds for a generic gauging
of the scalar manifold, is dependent on the choice of the gauge field configuration that sources the
solution and is independent of the functional form of the Killing spinor. The basic argument is that
the constant part of the Killing spinor should be a simultaneous eigenspinor of commuting matrices
that can appear in the gaugino conditions. We find that for the known gauge field configurations
that generate Bianchi type solutions, this does not happen in general. Independently we show that
the radial Killing spinor for such solutions breaks all of supersymmetry.
When the central charge Z of the solution satisfies an extremization condition, some of the
fermionic shifts in the gaugino variations vanish. This is a reasonable condition to impose for
any plausible geometry that can be an attractor solution. Given this condition, supersymmetry
invariance then requires that the effective mass term at the attractor point vanish. 3 This condition
allows Bianchi attractor solutions sourced by massless gauge fields since at the attractor point
the “effective mass terms” in gauged supergravity are proportional to g2. There are no further
conditions from the gaugino variations and hence the supersymmetry of the solutions are entirely
determined by the Killing spinor equation that follows from the gravitino variation. It is crucial
to observe that the Killing spinor equation depends only on the gauge coupling constant of the R
symmetry gauging, hence it follows that the Killing spinor integrability conditions (see eq 31 of
[35]) do not depend on the gauging of the scalar manifold.
We construct Bianchi solutions sourced by massless gauge fields and a cosmological constant in
the Bianchi I, Bianchi III, Bianchi V and Bianchi VII classes. In the Bianchi I case we find the
anisotropic AdS3 × R2 geometry recently studied in [23, 53] to be 1/2 BPS. We also construct a
supersymmetric class of 1/2 BPS Bianchi III geometries labeled by the central charge Z. When the
central charge of the solution takes special values, the geometry reduces to the known AdS3 ×H2
[54]. The Killing spinors in both these cases come in pairs where one spinor is purely radial and
the other spinor depends on both radial and transverse coordinates other than R2/H2 directions.
Moreover the constant part of the spinors are eigenspinors of the radial Dirac matrix in all the
2 In gauged supergravity literature the supersymmetry variations in the gaugino and hyperino that are proportional
to the gauge coupling constant are referred to as fermionic shifts.
3 One way to possibly avoid this is to consider tensor multiplets, we comment on this in §IVC.
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above cases. For the Bianchi V and Bianchi VII classes we find that the radial spinor breaks all
supersymmetry.
Finally, the presence of hyper and tensor multiplets can allow for some massive Bianchi attractor
solutions in some special cases. In particular our results from the gaugino and Killing spinor
conditions for the non-supersymmetric cases continues to hold even after including hypermultiplets
and SU(2)R gauging as the Killing spinor equation is not affected seriously by this addition.
However, addition of tensor multiplets will affect the analysis and depends crucially on the tensor
field configuration in addition to new gaugino and hyperino conditions. We comment on the
possibilities in §IVC leaving a detailed analysis for future work.
The paper is organized as follows. In §II we briefly describe homogeneous symmetries and
motivate Bianchi attractors. Following this we present the analysis for the d = 4 Bianchi attractors
in N = 2 gauged supergravity in §III. We move on to the five dimensional case in §IV. In subsection
§IVA we present our main argument for the absence of massive supersymmetric Bianchi attractors
in gauged supergravity with U(1)R gauging and gauging of the symmetries of the very special
manifold. Subsequently we analyze the Killing spinor equations for the massless cases in §IVB. In
§IVC we comment on the possible generalizations and necessary conditions when hyper and tensor
multiplets are included with generic gauging. We present our conclusions and summarize in§V. In
appendix §A we provide useful supplementary material on spinors in d = 4, 5 and summarize our
conventions. In appendices §B and §D we provide details about Bianchi type solutions in d = 4
and d = 5 respectively. The details of the Killing spinor equations for the massive cases are given
in appendix §C.
II. HOMOGENEOUS SYMMETRIES AND BIANCHI ATTRACTORS
In this section we describe the homogeneous symmetries in two and three dimensions classified
by the Bianchi classification of Lie algebras. Towards the end we describe the “Bianchi attractors”.
These are proposed near horizon geometries of extremal black branes with homogeneous symmetries
in the spatial directions [13].
Consider a manifold M endowed with a metric gµν that is invariant under a given set of isome-
tries. The Killing vectors Xi that generate the isometries close to form an algebra
[Xi,Xj ] = C
k
ij Xk (1)
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where Ckij are structure constants and they obey the usual Jacobi identity. The symmetry group
of the manifold is isomorphic to an abstract Lie group G whose Lie algebra is generated by the
algebra of Killing vectors.
A homogeneous manifold has identical metric properties at all points in space. Any two points
on a homogeneous space are connected by a symmetry transformation. The symmetry group of a
homogeneous space of dimension d is isomorphic to the group corresponding to d dimensional real
Lie algebra [24, 25]. On the other hand given the real Lie algebra in a dimension d, it is possible to
write the corresponding metric with manifest homogeneous symmetries as follows. First one finds
a basis of invariant vectors ei that commute with the Killing vectors Xi
[Xi, ei] = 0 , (2)
then the metric with homogeneous symmetries can be expressed in terms of one forms ωi dual to
the invariant vectors ei as
ds2 = gijω
i ⊗ ωj (3)
where gij are constants. The invariant one forms satisfy the relation
dωk =
1
2
C kij ω
i ∧ ωj (4)
where C kij are the same structure constants that appear in the algebra of the Killing vectors. The
real Lie algebras of dimension three fall into nine classes and are given by the well known Bianchi
classification. The structure constants and invariant one forms are listed in detail in [25] (or see
Appendix A of [13]).
As an illustration let us consider Bianchi VII, it has the symmetries of a three dimensional
euclidean space with translational symmetry along the x direction and rotational symmetry along
the (y, z) plane. The Killing vectors have the form
X1 = ∂y , X2 = ∂z , X3 = ∂x + y∂z − z∂y . (5)
These vectors close to form the Lie algebra
[X1,X2] = 0 , [X1,X3] = X2 , [X2,X3] = −X1 . (6)
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The structure constants are independent of spacetime coordinates. A nice way to see the homoge-
neous symmetries manifest is to construct invariant vector fields ei that commute with the Killing
vectors
e1 = cos(x)∂y + sin(x)∂z , e2 = − sin(x)∂y + cos(x)∂z , e3 = ∂x . (7)
The invariant one forms
ω1 = cos(x)dy + sin(x)dz , ω2 = − sin(x)dy + cos(x)dz , ω3 = dx (8)
satisfy the algebra
dω1 = −ω2 ∧ ω3 , dω2 = ω1 ∧ ω3 , dω3 = 0 . (9)
The three dimensional euclidean metric invariant under the Bianchi VII symmetry can be written
in the form (3). For example, in a diagonal basis as
ds2 = (ω1)2 + (ω2)2 + λ2(ω3)2 (10)
where λ is a constant. For the case where λ = 1 the symmetry is enhanced to the usual translation
and rotational symmetries in the (x, y, z) directions. Note that the Bianchi I and Bianchi VII are
sub algebras of the Poincare´ algebra (see section §E).
To complete this discussion, it is useful to digress on the classification of two dimensional real
Lie algebras. These are classified in an analogous classification and are of precisely two types.
One is the simple Bianchi I algebra where all the generators commute. This is for instance the
symmetry group of R2. Obviously the Bianchi I algebra in dimension 2 is a sub algebra of the
Bianchi I algebra in dimension 3. While the only other non-trivial Bianchi algebra is the one
corresponding to the symmetries of the manifold H2. The algebra
[X1,X2] = X1 (11)
is generated by the Killing vectors Xi, i = 1, 2,
X1 = ∂y , X2 = ∂x + y∂y . (12)
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The invariant vector fields ei that commute with the Killing vectors are defined as
e1 = e
x∂y , e2 = ∂x , [e1, e2] = −e1 . (13)
The duals to the invariant one forms are given by
ω1 = e−xdy , ω2 = dx , dω1 = ω1 ∧ ω2 . (14)
The metric invariant under this symmetry group takes the from
ds2 = (ω1)2 + (ω2)2 . (15)
Using the coordinate transformation x = ln ρ it is easy to see that this is precisely the metric of
Euclidean AdS2. Note that the Bianchi II algebra corresponding to H
2 in two dimensions is a sub
algebra of the Bianchi III algebra in three dimensions [47].
In this work we investigate the supersymmetry conditions on various Bianchi attractor geome-
tries described in [13]. The geometries have the general structure
ds2 = −gtt(r)dt2 + gij(r)dωi ∧ dωj + dr2 (16)
where i = 1, 2 in case of four dimensions and the ωi are invariant one forms corresponding to the
homogeneous symmetries of two dimensional real Lie algebras described above. In five dimensions
i = 1, 2, 3 and the corresponding ωi are invariant one forms given by the usual Bianchi classification.
The functions gtt(r) and gij(r) have a general form e
βr, where β are positive exponents. These
metrics can be constructed as solutions to Einstein-Maxwell theories with massive/massless gauge
fields and a cosmological constant. As long as the matter stress-tensor preserves the symmetries
of the metric, explicit solutions can be constructed for a wide range of parameters of the theory of
interest.
III. BIANCHI ATTRACTORS IN N = 2, d = 4 GAUGED SUPERGRAVITY
In this section we describe N = 2, d = 4 gauged supergravity with nV vector and nH hyper
multiplets. We use the notations and conventions of [48], the relevant conventions are summarized
in appendix A1. The gravity multiplet consists of a metric gµν , a graviphoton A
0
µ and an SU(2)
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doublet of gravitinos (ψAµ , ψµA) of opposite chirality, where A = 1, 2 is an SU(2) index. The vector
multiplet consists of a complex scalar zi, a vector Aiµ, where i = 1, 2 . . . nV and an SU(2) doublet
of gauginos (λiA, λi¯A) with opposite chirality. The hyper multiplets contain scalars q
X , where
X = 1, . . . 4nH and two hyperinos (ζα, ζ
α) , (α = 1 . . . 2nH) of opposite chirality. The moduli space
of the theory factorizes into a product of a special Ka¨hler manifold and a quaternionic Ka¨hler
manifold [55]
M = SK(nV )×Q(nH) . (17)
For a Ka¨hler manifold the metric is derived from a Ka¨hler potential
gij¯ = ∂i∂j¯K . (18)
Since the Ka¨hler manifold is also special Ka¨hler there exist local holomorphic sections (XΛ, FΛ)
where Λ = 0 . . . nV
4, where FΛ =
dF
dXΛ
(F is the holomorphic prepotential). The Ka¨hler potential
can be expressed in terms of the sections as
K = − ln(i(X¯ΛFΛ −XΛF¯Λ)) . (19)
The Ka¨hler manifold is also symplectic and hence one can introduce symplectic sections
(LΛ(z, z¯),MΛ(z, z¯)) that satisfy
i(L¯ΛMΛ − LΛM¯Λ) = 1 . (20)
The symplectic sections are related to the usual sections via the relations
(XΛ, FΛ) = e
−K
2 (LΛ,MΛ) . (21)
All the matter couplings in the theory are completely determined in terms of the symplectic sections.
Let KiΛ(z) be Killing vectors that generate isometries on the manifold SK. Gauging the symmetries
of the manifold amount to replacing ordinary derivatives with gauge covariant derivatives
Dµz
i = ∂µz
i +KiΛA
Λ
µ . (22)
4 For Λ = 0, A0µ refers to the graviphoton.
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For the rest of the discussion, the gauge group is abelian for simplicity.
The hyperscalars qX , X = 1, . . . 4nH parametrize the quaternionic Ka¨hler manifold Q. The
metric on Q is defined by
ds2 = gXY dq
X ⊗ dqY (23)
in suitable coordinates qX on Q. Since Q is also Ka¨hler the metric can be derived from a suitable
Ka¨hler potential. The isometries on Q are generated by Killing vectors KXΛ . Once again gauging
is done by replacing ordinary derivatives with gauge covariant derivatives
Dµq
X =∂µq
X +AΛµK
X
Λ (q) . (24)
In the above we have set the gauge coupling constant to identity for simplicity. Notice that gauging
((22), (24)) introduces additional terms in the theory. Supersymmetry invariance of the resultant
action requires the addition of a potential
V(z, z¯, q) =
(
(gij¯K
i
ΛK
j¯
Σ + 4gXYK
X
Λ K
Y
Σ )L¯
ΛLΣ + (gij¯fΛi f
Σ
j¯ − 3L¯ΛLΣ)P xΛP xΣ
)
(25)
where fΛi = (∂i +
1
2∂iK)LΛ. The triplet P xΛ , x = 1, 2, 3 are real Killing prepotentials on the
quaternionic Ka¨hler manifold. The bosonic part of the Lagrangian of the N = 2 theory takes the
form
L =− 1
2
R+ gij¯D
µziDµz¯
j¯ + gXYDµq
XDµqY + i(N¯ΛΣF−Λµν F−Σµν −NΛΣF+Λµν F+Σµν)
+ V(z, z¯, q) (26)
where NΛΣ are the period matrices.
5 The self/anti-self dual field strengths are defined as
F±Λµν =
1
2
(
FΛµν ±
i
2
ǫµνρσF
Λρσ
)
(27)
where the usual field strength is defined as FΛµν =
1
2 (∂µA
Λ
ν − ∂νAΛµ). The supersymmetry transfor-
5 These are functions of zi and can be expressed in terms of the sections MΛ = NΛΣL
Σ.
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mations of the fermionic fields are given by
δψµA =DµǫA + iSABγµǫ
B + 2i(ImN)ΛΣL
ΣF−Λµν γνǫABǫB
δλiA =iDµz
iγµǫA − gij¯ f¯Σj¯ (ImN)ΛΣF−Λµν γµνǫABǫB +W iABǫB
δζα =iUBβX DµqXγµǫAǫABǫαβ +NAα ǫA (28)
where
SAB =
i
2
(σr) CA ǫBCP
r
ΛL
Λ
W iAB =ǫABkiΛL¯
Λ + i(σr)
B
C ǫ
CAP rΛg
ij¯fΛj¯
NAα =2UAαXKXΛ L¯Λ . (29)
In the above UAαX are vielbeins on the quaternionic manifold. The covariant derivative on the
spinor ǫA is defined as
DµǫA = ∇µǫA + i
2
(σr)BAA
Λ
µP
r
ΛǫB (30)
where ∇µ is the covariant derivative defined with respect to the usual spin connection. For the
rest of the discussion we assume a generic gauging of the symmetries of hypermultiplet manifold.
At the attractor point the scalars are independent of spacetime coordinates,
zi = const , qX = const . (31)
The supersymmetry variations (28) at the attractor point then reduce to
δψµA =DµǫA + iSABγµǫ
B + 2i(ImN)ΛΣL
ΣF−Λµν γνǫABǫB
δλiA =− gij¯ f¯Σ
j¯
(ImN)ΛΣF−Λµν γµνǫABǫB +W iABǫB
δζα =iUBβX KXΛ AΛµγµǫAǫABǫαβ +NAα ǫA . (32)
Setting the gravitino variations to zero, we get the Killing spinor equation
∂µǫA +
1
4
ω abµ γabǫA +
i
2
(σx)
B
AP
x
ΛA
Λ
µǫB + iSABγµǫ
B + 2i(ImN)ΛΣL
ΣF−Λµν γνǫABǫB = 0 . (33)
In the rest of the section, we evaluate the Killing spinor equation (33), the gaugino and hyperino
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equations on the background of Bianchi geometries and derive the conditions for supersymmetry.
A. Bianchi I
Metrics with Bianchi I symmetry in the spatial directions have been studied in the gauged
supergravity literature, the simplest of them being the supersymmetric AdS4 solution [41]. A
supersymmetric Lifshitz solution with exponent z = 2 has also been constructed earlier in gauged
supergravity by [48, 49]. In this section following the analysis of [48] we present the supersymmetry
conditions for a simple Bianchi I type - AdS2 × R2 solution. 6
The AdS2 × R2 metric has the form
ds2 =
R20
σ2
(dt2 − dσ2)−R20(dy2 + dρ2) . (34)
The Killing vectors along the spatial directions X1 = ∂y ,X2 = ∂ρ generate the Bianchi I algebra
[X1,X2] = 0 . (35)
It is easy to construct this metric as a solution to the equations of motion that follow from the
gauged supergravity action (26). It is supported by an electrically charged gauge field whose ansatz
we choose to be
AΛ =
EΛ
σ
dt . (36)
The scalar, gauge field and Einstein equations are listed in §B1. The Killing spinor equations (33)
evaluated in the above background are
γ0σ
R0
∂tǫA − γ
1
2R0
ǫA +
iGBAγ
0
2R0
ǫB + iSABǫ
B +
iN
2R20
γ01ǫABǫ
B = 0 (37)
γ1σ
R0
∂σǫA + iSABǫ
B +
iN
2R20
γ01ǫABǫ
B = 0 (38)
γ2
R0
∂yǫA + iSABǫ
B − N
2R20
γ23ǫABǫ
B = 0 (39)
γ3
R0
∂ρǫA + iSABǫ
B − N
2R20
γ23ǫABǫ
B = 0 (40)
6 Magnetic AdS2×R
2 solutions and their stability have been well explored in the literature (see for instance [56–58]).
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where we have defined
N = (ImNΛΣ)L
ΣEΛ , GBA = (σx)
B
A P
x
ΛE
Λ (41)
for brevity. We choose the following radial ansatz for the Killing spinor
ǫA = f(σ)χA (42)
where χA is a constant spinor. The difference of (38) and (37) leads to
γ1σ
R0
∂σǫA +
γ1
2R0
ǫA − iG
B
Aγ
0
2R0
ǫB = 0 . (43)
The above equation has a simple solution
f(σ) =
1√
σ
(44)
provided we impose the condition
EΛP xΛ = 0 . (45)
We note that this same condition has enabled a supersymmetric Lifshitz solution in 4d N = 2
gauged supergravity [48]. Thus the Killing spinor equations reduce to the algebraic conditions
− γ
1
2R0
χA + iSABχ
B +
iN
2R20
γ01ǫABχ
B = 0 (46)
iSABχ
B − iN
2R20
γ01ǫABχ
B = 0 (47)
where we have substituted γ23 = −iγ01γ5 and used γ5ǫA = −ǫA. It is straightforward to recast the
above equations into the projection conditions
χA =
2iN
R
ǫABγ
0χB (48)
χA = −4iRSABγ1χB . (49)
These projection conditions are very similar to the conditions obtained for the 4d Lifshitz case by
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[48] (c.f eq 67-68). Squaring the first projection condition (48) we get
|N | = R0
2
. (50)
Mutual consistency of the two projectors leads to the equation
χA = 4R0SABγ
10ǫBCχC , (51)
whose self consistency gives the condition
3∑
x=1
(P xΛL
Λ)2 = − 1
4R20
. (52)
Note that the triplet of Killing prepotentials P xΛ are real functions on the quaternionic manifold.
However, the symplectic sections LΛ are complex functions in general. For simplicity we can choose
the Killing prepotential to lie along the x = 3 direction. 7 Thus the final projection conditions
that follow from the gravitino Killing spinor equations are
χA = iǫABγ
0χB
χA = (σ3)
C
A γ
10χC . (55)
These are mutually self consistent projection conditions and together they preserve 14 of the super-
symmetry. We now proceed to analyze the gaugino and hyperino conditions in (32).
Setting the Hyperino variation (32) to zero, we get the algebraic condition
iUAβX KXΛ
EΛ
R0
γ0ǫBǫBAǫαβ + 2UAαXKXΛ L¯ΛǫA = 0 . (56)
We can use the 14 BPS projectors (55) to simplify the above expression to get
UAXαKXΛ
(
EΛ
R0
+ 2L¯Λ
)
χA = 0 . (57)
7 Note that this sets
P
3
ΛL
Λ =
i
2R0
. (53)
It is easy to check that this choice is consistent with the projection condition (49). Substituting the above in (49)
we get
χA = i(σ3)
D
A ǫBDγ
1
χ
B (54)
that is self consistent.
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An obvious way to solve the condition is to set EΛ = −2L¯ΛR0. In fact this leads to the correct
equation of motion (second of (B7)). However this leads to an inconsistency with the known
identity (see eq 4.38 of [55]) ImNΛΣL
ΛL¯Σ = −12 that is true for any N = 2 supergravity. Note
that this was also observed earlier in [48] for the 4d Lifshitz solution. However we can solve the
hyperino conditions by choosing the Killing vectors to be degenerate on the quaternionic manifold.
In other words,
KXΛ
(
EΛ
R0
+ 2L¯Λ
)
= 0 . (58)
The gaugino conditions in (32) upon using the 14 BPS projections have the very simple form
gıj¯ f¯Σj¯
(
(−ImN)ΛΣE
Λ
R20
+ iP 3Σ
)
= 0 . (59)
This concludes the set of conditions that follow from supersymmetry requirements. To summarize,
the final set of conditions for a 14 BPS AdS2 × R2 solution are
EΛP 3Λ = 0 , ImNΛΣL
ΛEΣ =
R0
2
, P 3ΛL
Λ =
i
2R0
,
KXΛ
(
EΛ
R0
+ 2L¯Λ
)
= 0 , gıj¯ f¯Σ
j¯
(
−ImNΛΣE
Λ
R20
+ iP 3Σ
)
= 0 . (60)
In addition one has to impose the gauge field equations of motion (B4).
B. Bianchi II
In this section we discuss the supersymmetry conditions for a Bianchi II (AdS2 × EAdS2)
solution of the form
ds2 =
R20
σ2
(dt2 − dσ2)− R
2
0
ρ2
(dy2 + dρ2) . (61)
As discussed in §II the symmetries along the spatial directions correspond to that of EAdS2.
Like the previous solution, the AdS2 × EAdS2 solution can also be constructed using a time like
gauge field (36) as source since it preserves the Bianchi II symmetry along the (y, ρ) directions.
8 The equations of motion are presented in appendix §B2. The Killing spinor equations on this
8 See [50] for magnetic black hole solutions interpolating between AdS2 ×H
2 and hyperscale violating solutions at
infinity.
15
background are
γ0σ
R0
∂tǫA − γ
1
2R0
ǫA +
iGBAγ
0
2R0
ǫB + iSABǫ
B +
iN
2R20
γ01ǫABǫ
B = 0
γ1σ
R0
∂σǫA + iSABǫ
B +
iN
2R20
γ01ǫABǫ
B = 0
γ2ρ
R0
∂yǫA − γ
3
2R0
ǫA + iSABǫ
B − N
2R20
γ23ǫABǫ
B = 0
γ3ρ
R0
∂ρǫA + iSABǫ
B − N
2R20
γ23ǫABǫ
B = 0 (62)
where we have defined the quantities N and GBA in (41).
Taking the difference of the first and second equations of (62), and similarly the difference of
the third and fourth equations in (62) we get the pair of differential equations
σ
R0
(γ0∂t − γ1∂σ)ǫA − γ
1
2R0
ǫA +
iGBAγ
0
2R0
ǫB = 0
ρ
R0
(γ2∂y − γ3∂ρ)ǫA − γ
3
2R0
ǫA = 0 . (63)
Since the AdS2 × EAdS2 metric factorizes into a product form, with two radii ρ and σ we choose
a Killing spinor ansatz of the form
ǫA =
1
ρmσn
χA (64)
where χA is a constant spinor, whilem,n take real values. This form of the ansatz is also consistent
with the Bianchi II symmetry of the metric. Substituting the above in (63) we get the conditions
(2n − 1)γ1ǫA + iGBAγ0ǫB = 0
(2m− 1)γ3ǫA = 0 (65)
that can be solved by
m = n =
1
2
, EΛP xΛ = 0 . (66)
With the ansatz (64) and the condition (66) the remaining Killing spinor equations give the con-
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ditions
(
γ1 + γ3
)
ǫA = 4iR0SABǫ
B
(
γ1 − γ3) ǫA = 2iNγ01
R0
ǫABǫ
B . (67)
Unlike the AdS2 × R2 case, these conditions are not as simple to work with. However we can
simplify them by multiplying from the left by γ1 and writing in terms of the charge conjugate
matrix C = γ1γ3 as
(−1 + C)χA = 4iR0SABγ01C(χB)∗
(−C + 1)χA = 2iN
R0
ǫAB(χB)
∗
(68)
where we have used χB = −γ0C(χB)∗. We now show that the above condition breaks all of
supersymmetry. Since [γ5, C] = 0 (see §A1), it is convenient to use a decomposition of the spinor
χA in a basis of simultaneous eigenstates of γ5 and C as follows
χA =

 0
C+A |+〉

+

 0
C−A |−〉

 (69)
where C+A and C
−
A are complex coefficients
9 and |±〉 are eigenstates of the Pauli matrices. Substi-
tuting in the second equation in (68) we obtain
(1− i)C+A |+〉+ (1 + i)C−A |−〉 =
2iN
R0
ǫAB((C
+
B )
∗|−〉+ (C−B )∗|+〉) . (70)
Linear independence of the states |+〉 and |−〉 gives rise to the constraints
(1− i)C+A =
2iN
R0
ǫAB(C
−
B )
∗
(1 + i)C−A =
2iN
R0
ǫAB(C
+
B )
∗ . (71)
It is straightforward to see that both of these constraints cannot be satisfied simultaneously as
9 Since (A = 1, 2) there are 8 independent constants in ǫA as it should be for a N = 2 spinor in four dimension.
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their mutual consistency leads to
C+A (1 +
2i|N |2
R20
) = 0 . (72)
Since |N |2 is real, it follows that the only possible solution is that all the C±A vanish and hence the
metric (61) breaks all the supersymmetry. We now move on to the five dimensional case where
there is a wider variety of solutions with Bianchi symmetries in the spatial directions.
IV. BIANCHI ATTRACTORS IN N = 2, d = 5 GAUGED SUPERGRAVITY
We begin with a brief introduction to N = 2, d = 5 gauged supergravity coupled to nV vector
multiplets with a generic gauging of the very special manifold S and the U(1)R subgroup of the
SU(2)R symmetry group [52].
10 The very special manifold is parametrized by nV + 1 functions
hI(φ) subject to the constraint
N ≡ CIJKhIhJhK = 1 (73)
where CIJK are constant symmetric tensors. The φ
x, x = 1, 2, . . . nV are scalars in the nV vector
multiplets. The I, J indices can be raised or lowered using the ambient metric defined by
aIJ = −1
2
∂
∂hI
∂
∂hJ
lnN
∣∣
N=1
. (74)
The metric on the moduli space is obtained by pull back of the ambient metric into the moduli
space
gxy = aIJh
I
xh
J
y , h
I
x ≡
∂hI
∂φx
. (75)
The Killing vectors KIx generate isometries on the very special manifold. These isometries can be
gauged by replacing the ordinary derivatives on the scalars with gauge covariant derivatives defined
by
Dµφ
x =∂µφ
x + gAIµK
x
I (φ) (76)
10 Please note that in all of five dimensions we use the mostly plus metric signature.
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where AIµ are the vectors in the vector multiplet and g is the gauge coupling constant. For the
purposes of this paper, we restrict ourselves to the case where the gauge group is abelian.
In addition to gauging the symmetries of the scalar manifold, one can also gauge the U(1)R
subgroup of the SU(2)R symmetry of the N = 2 supergravity.11 The R symmetry acts as a
rotation on the fermions of the theory and gauging it replaces the usual covariant derivatives on
the fermions by gauge covariant derivatives as
Dµψνi = ∇µψνi + gRAIµP jIi ψνj (77)
where gR is the U(1)R gauge coupling constant and
PIij = −VIδij . (78)
VI are the Fayet-Illioupoulos parameters. Note that in the above expression δij does not play the
role of ǫij as a raising or lowering operator. The covariant derivative ∇ is defined with the usual spin
connection. Since the gauging (76),and (77) introduces new terms in the action, supersymmetric
closure requires additional terms. These additional terms in the bosonic part of the Lagrangian
take the form of a potential
V(φ) = −g2R(2PijP ij − P aijP aij) (79)
with the definitions
Pij = h
IPIij , P
a
ij = h
aIPIij , h
aI = faxh
xI , (80)
where fax are vielbeins on the very special manifold S. Note that the potential is unaffected by
the gauging of S. Addition of hypermultiplets and tensor multiplets will change the shape of the
potential, however to get AdS vaccum it is sufficient to gauge the U(1)R symmetry.
With the various definitions as stated above the bosonic part of the Lagrangian reads as [52]
eˆ−1L = −1
2
R− 1
4
aIJF
I
µνF
Jµν − 1
2
gxy(φ)Dµφ
xDµφy +
eˆ−1
6
√
6
CIJKǫ
µνρστF IµνF
J
ρσA
K
τ − V(φ) (81)
11 One can also gauge the SU(2)R symmetry by including hypermultiplets.
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where eˆ =
√−detgµν . The bosonic sector of the supersymmetry transformations are
δǫψµi = Dµǫi +
i
4
√
6
hIF
νρI(γµνρ − 4gµνγρ)ǫi + i√
6
gRγµǫ
jPij
δǫλ
a
i = −
i
2
faxDµφ
xγµǫi +
1
4
haIF
I
µνγ
µνǫi + gRǫ
jP aij . (82)
The λai (i = 1, 2 and a = 1, . . . nV ) are gauginos in the vector multiplets and ǫi is a symplectic
majorana spinor. The covariant derivative is defined as
Dµǫi ≡ ∂µǫi + 1
4
ω abµ γabǫi + gRA
I
µPIijǫ
j . (83)
See Appendix §A2 for our notations and conventions of 5d gamma matrices.
We are interested in Bianchi type near horizon solutions to (82) that satisfy attractor conditions.
It is well known that at the attractor point the moduli are constants independent of spacetime
coordinates
φx = const (84)
The field equations that follow from (81) are given in [35]. The supersymmetry transformations at
the attractor point take the form
δǫψµi = Dµǫi +
i
4
√
6
hIF
νρI(γµνρ − 4gµνγρ)ǫi + i√
6
gRγµǫ
jPij
δǫλ
a
i = −
i
2
gfaxA
I
µK
x
I γ
µǫi +
1
4
haIF
I
µνγ
µνǫi + gRǫ
jP aij (85)
In the following sections we evaluate the spinor conditions on the Bianchi attractor backgrounds.
As discussed in §II the Bianchi type metrics have the generic form12
ds2 = ηabe
aeb = L2
(
−e2βtrdt2 + ηij(r)ωi ⊗ ωj + dr2
)
(86)
where ea, a = 0, . . . 4, are one forms and L is a positive constant that measures the size of the space-
time. The ωi, i = 1, . . . 3 are one forms manifestly invariant under the homogeneous symmetries
described by the Bianchi classification.
12 In this coordinate system, the boundary of the Poincare´ AdS metric lies at r →∞.
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A. The gaugino conditions
In this section, we solve the gaugino conditions
δǫλ
a
i = −
i
2
gfaxA
I
µK
x
I γ
µǫi +
1
4
haIF
I
µνγ
µνǫi − gRǫjhaIV Iδij = 0 (87)
where we have substituted (78) and (80). In gauged supergravity literature the terms in the
supersymmetry variations that are proportional to the gauge coupling constants are referred to as
fermionic shifts. For maximal supersymmetry all of the fermionic shifts in the gaugino conditions
must vanish [35, 52]. From the integrability conditions eq 31 of [35] it follows that the only
maximally supersymmetric Bianchi type solution is AdS5. Our first result will be to argue that the
above result is also true for solutions with matter, in this case the Bianchi type geometries. Then
we will require some of the fermionic shifts to vanish and explore conditions for supersymmetric
solutions.
First we focus on the cases when none of the fermionic shifts vanish. Preserving some amount of
supersymmetry from the gaugino and hyperino conditions require that the algebraic conditions on
the constant part of the spinor ζi be not too restrictive. In other words, the matrices that project
out the various components of ζi must commute with one another. The projection conditions
that can appear on the spinor in the equations (87) are entirely dependent on the gauge field
configurations. Typically the Bianchi type solutions are sourced by either timelike or spacelike
massive gauge fields and a cosmological constant [13, 14, 35]. (In particular see appendix B of
[13] for various choices of gauge field configurations that solve the equations of motion.) At the
attractor point the scalars are constant and effective mass terms for the gauge fields
g2KIJ(φ)A
IµAJµ (88)
appear due to the presence of the gauge covariant derivatives in the supergravity action (81). Here
KIJ is the Killing norm defined as gxyK
x
IK
y
J . The mass terms are proportional to the norm of the
Killing vectors and to the square of the gauge coupling constant. We analyze two possible cases
separately below.
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1. Non vanishing fermionic shifts
To begin with we keep our analysis very generic with respect to the gauging of the scalar
manifold (model independent) but specific only to the field content that generates the solution.
By this, we mean that there are no specific conditions that the Killing vectors on S are required
to satisfy. We first consider the case where the gauge fields have only the time component turned
on. The Bianchi metrics that have been constructed so far [13, 14, 35] are sourced by time like or
spacelike gauge fields. Time like gauge fields are of the form
A = A(r)dt
dA = ∂rA(r)dr ∧ dt . (89)
In order to solve the gaugino conditions (87) it is necessary to impose projection conditions on
the constant part of the spinor ǫi. From the time like gauge field configuration it is clear that the
following conditions have to be imposed in (87) 13
γ0ǫi = ±iǫi
γ04ǫi = ±ǫi . (90)
The first projector appears in the Aµγµ terms, while the second appears in the F
µνγµν terms. While
each of the projectors is well defined, it is clear that the two conditions are mutually incompatible
since the projections (90) are mutually orthogonal. Thus when the fermionic shifts do not vanish
all solutions sourced by time like gauge fields break supersymmetry. Thus with a time like gauge
field, under gauging it is not possible to obtain supersymmetry preserving projection conditions.
Note that this is completely independent of the functional dependence of the Killing spinor.
Let us now consider the case with gauge fields having spacelike components turned on. (For
examples, see [13, 14, 35])
A = A(x, r)ωi
dA = ∂rA(x, r)dr ∧ ωi + ∂xjA(x, r)dxj ∧ ωi +
1
2
A(x, r)C ijk ω
j ∧ ωk (91)
13 The spacetime coordinates are xµ = (t, x1, x2, x3, r), while the corresponding tangent space indices run over
a = 0, . . . 4.
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where x = xi, i = 1, 2, 3 are the directions that have homogeneous symmetries. In this case, it is
easy to see from (87) that the projections that can appear are
γiǫi = ±ǫi
γi4ǫi = ±iǫi
γijǫi = ±iǫi . (92)
In any given configuration for the space like gauge field, the first projector always appears. De-
pending on the precise functional dependence the second/third or both second and third projectors
can appear. In any case, we see that the first projector in (92) is mutually orthogonal to both the
second and third. Thus even with a space like gauge field, under generic conditions it is not possible
to obtain supersymmetry preserving conditions. Note that this too is completely independent of
the functional dependence of the Killing spinor. Thus when the fermionic shifts do not vanish all
massive Bianchi attractors are non-supersymmetric in gauged supergravity with generic gauging
of the scalar manifold.
For all the solutions in this class, one can study the Killing spinor equations independently and
find that the radial spinor breaks supersymmetry. We have summarized these results in appendix
§C. The solutions constructed in [35] are all of this type and are all non-supersymmetric.
2. Vanishing fermionic shifts
The other possibilities to solve (87) are situations where some of the fermionic shifts vanish
in special cases. From the studies of the attractor mechanism for black holes in d = 5 ungauged
supergravity, it is known that attractor solutions solve the gaugino conditions [54, 59] with the
extremization of central charge
∂x(Z) = ∂x(h
IQI) = 0 , h
IVI = 1 . (93)
Imposing the attractor conditions on (87)14, we find that the gaugino conditions reduce to
δǫλ
a
i = −
i
2
gfaxA
I
µK
x
I γ
µǫi = 0 . (94)
14 The FI parameters VI are arbitrary and can be scaled to satisfy this condition.
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Note that the square of this fermionic shift term is proportional to
g2gxyA
I
µA
µJKxIK
y
J , (95)
the mass term discussed in the introduction of this section. Thus for preserving supersymmetry
we have to set the effective mass term to zero. This can be achieved in two ways.
• The trivial choice is g = 0 or no gauging of the scalar manifold S.
• The other more non-trivial possibility is to find a Killing direction in S that satisfies KIxQI =
0 at the attractor point.
Note that for the class of models discussed in [60, 61] studied earlier explicit solutions were con-
structed and analysed in [35, 46] and it can be checked that the condition KIxQI = 0 is not satisfied.
However note that using this condition would kill the effective mass terms in the field equations of
motion (see eq 18, eq 22 of [35]) which is problematic and would only lead to massless solutions.
We pause here to briefly summarize the conclusions of this section. Analyzing the gaugino
conditions we have the results that in N = 2 gauged supergravity with a generic gauging of the
symmetries of scalar manifold and a U(1) gauging of the SU(2)R symmetry,
• There are no massive Bianchi attractor solutions that preserve any amount of supersymmetry
for a generic gauging when the fermionic shifts do not vanish.
• When the extremization condition is met ∂x(Z) = 0, supersymmetry allows only massless
Bianchi solutions. 15
• For massless Bianchi solutions, the gaugino conditions are completely solved by the attractor
conditions (93) and there are no additional projection conditions. The amount of supersym-
metry preserved is completely determined by the Killing spinor equations.
Some examples of solutions with massless gauge fields are given in appendix §D. These solutions
can be easily constructed in Einstein-Maxwell theory with a cosmological constant, actually all of
them can be also constructed easily, for instance in the U(1)R gauged supergravity model studied
in [47].
The last and final possibility for this section corresponds to vacuum solutions in the absence
of matter. In this case the gaugino conditions are trivial. The supersymmetry conditions are
15 This possibility appears to be relaxed when tensor multiplets are included, we comment on this briefly in §IVC
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completely determined by the Killing spinor equation that follows from the gravitino variation.
The solution space includes the well known AdS5 solution [41, 52, 60], Bianchi III AdS3 ×H2 and
Bianchi V AdS2 × H3 solutions sourced only by a cosmological constant (see appendix §D). The
results of this section can get modified by addition of tensor and hyper multiplets. We comment
on this briefly in §IVC.
B. The gravitino conditions: Killing spinor equation
We have already shown from the gaugino conditions that there are no possible supersymmetric
Bianchi solutions sourced by massive gauge fields when the fermionic shifts do not vanish for the
theory with a generic gauging of scalar manifold and a U(1)R gauging. For all these cases, one
can show by analyzing the Killing spinor equation that a radial spinor independently gives rise to
inconsistent projection conditions. We have summarized the results in §C.
In this section we analyze the gravitino Killing spinor equation for the Bianchi solutions sourced
by massless gauge fields. For the U(1)R gauged supergravity (78), the Killing spinor equation we
need to solve is of the form
Dµǫi +
i
4
√
6
hIF
νρI(γµνρ − 4gµνγρ)ǫi + i√
6
gRγµǫ
k
i ǫk = 0 (96)
where
Dµǫi ≡ ∂µǫi + 1
4
ω abµ γabǫi + gRA
I
µVIǫ
k
i ǫk (97)
where we have used the attractor conditions (93). Note that we have used the notation ǫkjδij = ǫ
k
i
where ǫ ki is numerically same as −ǫik. It follows that ǫ ki ǫ lk = −δ li . We need to remember that δij
is just one component of the general triplet in PIij and hence one cannot use δij or ǫ
k
i to raise or
lower the R symmetry index [52, 61].16 In the following, we solve the Killing spinor equations for
various Bianchi type geometries.
16 We thank Antoine Van Proeyen for useful communication regarding this issue.
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1. Bianchi I AdS5
As a warm up let us begin our analysis with the simplest known AdS5 metric written in terms
of the one forms
e0 = Lerdt , e1 = Lerω1 , e2 = Lerω2 , e3 = Lerω3 , e4 = Ldr (98)
where L is the AdS scale. The invariant one forms
ωi = dxi , i = 1, 2, 3 (99)
all commute with one another and satisfy dωi = 0, characteristic of the Bianchi I algebra. Since
we are discussing the U(1)R case, the gaugino conditions are trivial.
17
The Killing spinor equation (96) in the background (98) reads as,
e−rγ0∂tǫi − 1
2
γ4ǫi − i√
6
LgRǫ
k
i ǫk = 0
e−rγ1∂x1ǫi +
1
2
γ4ǫi +
i√
6
LgRǫ
k
i ǫk = 0
e−rγ2∂x2ǫi +
1
2
γ4ǫi +
i√
6
LgRǫ
k
i ǫk = 0
e−rγ3∂x3ǫi +
1
2
γ4ǫi +
i√
6
LgRǫ
k
i ǫk = 0
γ4∂rǫi +
i√
6
LgRǫ
k
i ǫk = 0 . (100)
The following equations can be obtained after some algebraic manipulations
γ0∂tǫi + γa∂xaǫi = 0
γa∂xaǫi − γb∂xbǫi = 0
γ4∂rǫi + e
−rγ0∂tǫi − 1
2
γ4ǫi = 0
γ4∂rǫi − e−rγa∂xaǫi − 1
2
γ4ǫi = 0 (101)
17 For more general AdS critical points see [41, 60].
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where a = 1, 2, 3. There are two independent solutions to the above equations
ǫi = e
r
2 ζ+i , γ4ζ
+
i = ζ
+
i (102)
ǫi =
(
e−
r
2 + e
r
2 (xmγm)
)
ζ−i , γ4ζ
−
i = −ζ−i . (103)
Each of the spinors (102) and (103) preserves 12 the supersymmetry and the full solution enjoys a
N = 2 supersymmetry. Substituting the above in (100) we get the consistency condition
ζ±i = ∓
2i√
6
LgRǫ
k
i ζ
±
k . (104)
It follows that (note that ǫ ki ǫ
l
k = −δ li )
(1− 2
3
L2g2R)ζ
±
i = 0 . (105)
This of course is the equation of motion for AdS5 metric, thus we see that supersymmetry conditions
automatically guarantee the equation of motion.
2. Bianchi I: Anisotropic AdS3 × R2
The anisotropic AdS3 × R2 solution can be easily constructed with magnetic fields and a cos-
mological constant (see §D).18 The metric has the simple form
e0 = erdt , e1 = erω1 , e2 =
|B|
2
ω2 , e3 =
|B|
2
ω3 , e4 = dr . (106)
The magnetic fluxes in the x2, x3 directions generate anisotropy but preserve the rotational symme-
tries of R2. The solution (106) has been of considerable interest in computations of shear viscosities
in anisotropic phases [23, 53]. The invariant one forms
ωi = dxi , i = 1, 2, 3 (107)
18 See for example the isotropic solution in the U(1)3 truncation of type II supergravity on S5 by [57]. For general
geometries of the type AdS3 × Σg in STU model of supergravity and their dual field theory interpretation see
[62–65].
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all commute with one another and satisfy dωi = 0 of the Bianchi I algebra. In (106) |B| = BIBI
is the strength of the magnetic field. We choose our gauge field ansatz such that
F Ix2x3 = B
I . (108)
The Killing spinor equations in the background are of the form
γ0e
−r∂tǫi − 1
2
γ4ǫi − i√
6
(
Z
2
γ23ǫi + gRǫ
k
i ǫk
)
= 0 (109)
γ1e
−r∂x1ǫi +
1
2
γ4ǫi +
i√
6
(
Z
2
γ23ǫi + gRǫ
k
i ǫk
)
= 0 (110)
γ2∂x2ǫi +
i√
6
|B|
2
(
−Zγ23ǫi + gRǫ ki ǫk
)
= 0 (111)
γ3∂x3ǫi +
i√
6
|B|
2
(
−Zγ23ǫi + gRǫ ki ǫk
)
= 0 (112)
γ4∂rǫi +
i√
6
(
Z
2
γ23ǫi + gRǫ
k
i ǫk
)
= 0 (113)
where Z = hIB
I is the central charge. In the above we have chosen the following condition
BIVI = 0 . (114)
This condition is the five dimensional analogue of (45).
It is easy to obtain the following differential equations from the above set
γ0∂tǫi + γ1∂x1ǫi = 0
γ2∂x2ǫi − γ3∂x3ǫi = 0
γ4∂rǫi + γ0e
−r∂tǫi − 1
2
γ4ǫi = 0
γ4∂rǫi − γ1e−r∂x1ǫi −
1
2
γ4ǫi = 0 . (115)
Notice the similarity of the above equations to the ones we have obtained in AdS5 case (101), except
the second equation that suggests that the x2, x3 directions can scale differently as compared to
the x1 direction. Once again there are two independent solutions to the above equations
ǫi = e
r
2 ζ+i , γ4ζ
+
i = ζ
+
i (116)
ǫi =
(
e−
r
2 + e
r
2 (tγ0 + x
1γ1 + α(x
2γ2 + x
3γ3))
)
ζ−i , γ4ζ
−
i = −ζ−i (117)
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where α is a real parameter. The projection due to the radial Dirac matrix has the same effect
as in the AdS case, namely the projector preserves one half of the supersymmetry in each of ζ±.
Substituting the solution (117) in the x2, x3 equations (111)-(112) we find that α = 0. Thus the
Killing spinor (117) is independent of the R2 directions.
The remaining equations give rise to the conditions
1
2
ζ±i +
i√
6
(
Z
2
γ23ζ
±
i + gRǫ
k
i ζ
±
k
)
=0 (118)
−Zγ23ζ±i + gRǫ ki ζ±k =0. (119)
It is easy to see that the the above two equations give rise to the conditions
γ23ζ
±
i = ǫ
k
i ζ
±
k
|Z| = |gR| =
√
6
3
. (120)
The projection above breaks half of the remaining supersymmetries in each of ζ±. As a result, each
of ζ± generate
1
4 of the supersymmetry. Thus the solution (106) is a
1
2 BPS solution.
3. Bianchi III and AdS3 ×H2
In this section we construct a superymmetric Bianchi III type solution sourced by a massless
gauge field
e0 = Leβrdt , e1 = Lω1 , e2 = Leβrω2 , e3 = Lω3 , e4 = Ldr , (121)
where the invariant one forms are
ω1 = e−x
1
dx2 , ω2 = dx3 , ω3 = dx1 . (122)
The spatial part of the metric has the symmetries of H2 × R. The symmetry algebra due to
these Killing vectors form the Bianchi III algebra in the Bianchi classification in three dimensions.
The sub algebra generated by the Killing vectors of H2 generate the Bianchi II algebra in two
dimensions.
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We choose the gauge field to have components along the ω1 direction
AI = BIe1. (123)
The Killing spinor equations evaluated in the background are (Z = hIB
I)
e−βrγ0∂tǫi − β
2
γ4ǫi − i√
6
(
1
2
Zγ13ǫi + LgRǫ
k
i ǫk
)
= 0 (124)
ex
1
γ1∂x2ǫi −
γ3
2
ǫi + LgRB
IVIγ1ǫ
k
i ǫk +
i√
6
(
−Zγ13ǫi + LgRǫ ki ǫk
)
= 0 (125)
e−βrγ2∂x3ǫi +
β
2
γ4ǫi +
i√
6
(
1
2
Zγ13ǫi + LgRǫ
k
i ǫk
)
= 0 (126)
γ3∂x1ǫi +
i√
6
(
−Zγ13ǫi + LgRǫ ki ǫk
)
= 0 (127)
γ4∂rǫi +
i√
6
(
1
2
Zγ13ǫi + LgRǫ
k
i ǫk
)
= 0. (128)
As before we can obtain the following equations from above
γ0∂tǫi + γ2∂x3ǫi = 0
e−βrγ0∂tǫi − βγ4
2
ǫi + γ4∂rǫi = 0
e−βrγ2∂x3ǫi +
βγ4
2
ǫi − γ4∂rǫi = 0
ex
1
γ13∂x2ǫi + ∂x1ǫi +
ǫi
2
+ LgRB
IVIγ13ǫ
k
i ǫk = 0. (129)
The AdS3 part of the Killing spinor will preserve some supersymmetry provided we assume that
the Killing spinor does not depend on the H2 part. We get the following conditions from the above
set of equations
ǫi = e
βr
2 ζ+i , γ4ζ
+
i = ζ
+
i (130)
ǫi =
(
e−
βr
2 + e
βr
2 (tγ0 + x
3γ2)
)
ζ−i , γ4ζ
−
i = −ζ−i (131)
γ13ζ
±
i = ǫ
k
i ζ
±
k , 4L
2g2R(BIV
I)2 = 1. (132)
As discussed in the previous sections, the two projectors above combine to break half of the total
supersymmetries of the solution. Substituting the above relations in the Killing spinor equation
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we find
β
2
ζ±i +
i√
6
(
(
Z
2
+ LgR)ǫ
k
i ζ
±
k
)
=0 (133)
(−Z + LgR)ǫ ki ζ±k =0 . (134)
Consistency of the above equations yield the conditions
LgR = Z , β =
√
3
2
Z , 4L2g2R(BIV
I)2 = 1 . (135)
Thus we have a one parameter family of 12 BPS Bianchi III solutions labeled by the central charge
Z.
When the central charge takes the value (120) (the one corresponding to the AdS3×R2 solution),
it follows from (135) that
L = 1 , β = 1 . (136)
This is the AdS3 ×H2 solution constructed in [54].
It is also possible to construct the vacuum AdS3 × H2 solution (see (D9)). In this case the
simplified equations (129) are
γ0∂tǫi + γ2∂x3ǫi = 0
e−rγ0∂tǫi − γ4
2
ǫi + γ4∂rǫi = 0
e−rγ2∂x3ǫi +
γ4
2
ǫi − γ4∂rǫi = 0
ex
1
γ13∂x2ǫi +
ǫi
2
+ ∂x1ǫi = 0. (137)
Any solution necessarily depends on the H2 coordinates and breaks supersymmetry. The AdS3
part of the equations (first three of (137)) are solved by the usual
ǫi = e
r
2 ζ+i , γ4ζ
+
i = ζ
+
i
ǫi = (e
r
2 (γ0t+ γ2x
3) + e−
r
2 )ζ−i , γ4ζ
−
i = −ζ−i (138)
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whereas the H2 part of the equations (the last equation in (137)) are solved by
ǫi = e
−x
1
2 ζ−i , γ3ζ
−
i = −ζ−i
ǫi = (e
−x
1
2 γ1x
2 + e
x1
2 )ζ+i , γ3ζ
+
i = ζ
+
i . (139)
We see that ζ± are required to be simultaneous eigenspinors of both γ3 and γ4 in order to solve the
full set of equations (137). 19 However, that is impossible since the matrices anti commute. Thus
the product space in the vacuum case breaks all supersymmetry. In the charged case, we are able
to avoid the spinor being an eigenspinor of γ3 due to the condition (132). This is consistent with
the conclusion from the integrability condition eq. 31 of [35] that AdS5 is the unique maximally
supersymmetric vacuum solution in the theory.
4. Bianchi V
The Bianchi V solution constructed in [13] is of the form
e0 = Leβtrdt , e1 = Lω1 , e2 = Lω2 , e3 = Lω3 , e4 = Ldr (140)
where the invariant one forms are given by
ω1 = e−x
1
dx2 , ω2 = e−x
1
dx3 , ω3 = dx1 . (141)
The Bianchi V geometry in this case has the form of AdS2 × H3. The metric is sourced by a
massless time like gauge field
AI = EIe0 . (142)
19 The general solution is a combination of (138) and (139).
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The Killing spinor equations in this background take the form (Z = EIhI)
e−βtrγ0∂tǫi − βt
2
γ4ǫi + gRLE
IVIγ0ǫ
k
i ǫk +
i√
6
(
βtZγ04ǫi − LgRǫ ki ǫk
)
= 0
ex
1
γ1∂x2ǫi −
1
2
γ3ǫi +
i√
6
(
βt
2
Zγ04ǫi + LgRǫ
k
i ǫk
)
= 0
ex
1
γ2∂x3ǫi −
1
2
γ3ǫi +
i√
6
(
βt
2
Zγ04ǫi + LgRǫ
k
i ǫk
)
= 0
γ3∂x1ǫi +
i√
6
(
βt
2
Zγ04ǫi + LgRǫ
k
i ǫk
)
= 0
γ4∂rǫi − i√
6
(
βtZγ04ǫi − LgRǫ ki ǫk
)
= 0. (143)
We can write down the following differential equations after some algebraic manipulations
e−βtrγ0∂tǫi + γ4∂rǫi − βt
2
γ4ǫi + gRLE
IVIγ0ǫ
k
i ǫk = 0
γ1∂x2ǫi − γ2∂x3ǫi = 0
ex
1
γ13∂x2ǫi + ∂x1ǫi +
ǫi
2
= 0
ex
1
γ23∂x3ǫi + ∂x1ǫi +
ǫi
2
= 0. (144)
Following the arguments given in the previous section, we can solve the AdS2 part of the equations
(first in (144)) by
ǫi = e
βtr
2 ζ+i , γ4ζ
+
i = ζ
+
i
ǫi = (e
βtr
2 γ0t+ e
−
βtr
2 )ζ−i , γ4ζ
−
i = −ζ−i (145)
provided we set EIVI = 0. If E
IVI 6= 0 in this case, even the radial spinor breaks all supersymme-
try.20 Similarly the H3 part of the equations (last three of (144)) can be solved by
ǫi = e
−x
1
2 ζ−i , γ3ζ
−
i = −ζ−i
ǫi = (e
−x
1
2 (γ1x
2 + γ2x
3) + e
x1
2 )ζ+i , γ3ζ
+
i = ζ
+
i . (146)
Once again, we see that the ζ± are required to be simultaneous eigenspinors of γ3 and γ4, that
is impossible since the matrices do not commute.21 Thus the solution breaks all supersymmetry.
20 See §C3 for some related details.
21 In this case too, the general solution of (144) is a combination of (145) and (146).
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The same arguments apply for the vacuum Bianchi V AdS2 ×H3 solution (D9).
5. Bianchi VII
The Bianchi VII metric is expressed in terms of the following one forms
e0 = Leβtrdt , e1 = Ldx1 , e2 = Leβr(cos(x1)dx2 + sin(x1)dx3) ,
e3 = Lλeβr(− sin(x1)dx2 + cos(x1)dx3) , e4 = Ldr (147)
where λ is a squashing parameter. The gauge field ansatz is of the form
AI = BIe2 (148)
where BI are constants. The Killing spinor equations in the above background take the form
(Z = hIB
I)
e−βtrγ0∂tǫi − βt
2
γ4ǫi +
i√
6
(
Z
2
(
βγ24 − γ13
λ
)
ǫi − LgRǫ ki ǫk
)
= 0
γ1∂x1ǫi −
(1 + λ2)
4λ
γ123ǫi − i√
6
(
Z
2
(
βγ24 +
2γ13
λ
)
ǫi − LgRǫ ki ǫk
)
= 0
e−βrγ2(cos x
1∂x2 + sinx
1∂x3)ǫi +
(1− λ2)
4λ
γ123ǫi +
β
2
γ4ǫi + LgRB
IVIγ2ǫ
k
i ǫk
+
i√
6
(
Z
2
(γ13
λ
+ 2βγ24
)
ǫi + LgRǫ
k
i ǫk
)
= 0
e−βrγ3(− sinx1∂x2 + cos x1∂x3)ǫi −
(1− λ2)
4λ
γ123ǫi +
β
2
γ4ǫi
+
i√
6
(
−Z
2
(
βγ24 +
2γ13
λ
)
ǫi + LgRǫ
k
i ǫk
)
= 0
γ4∂rǫi +
i√
6
(
Z
2
(γ13
λ
+ 2βγ24
)
ǫi + LgRǫ
k
i ǫk
)
= 0. (149)
After a few algebraic steps we get the following differential equations
e−βrγ3(− sinx1∂x2 + cos x1∂x3)ǫi − γ1∂x1ǫi +
λ
2
γ123ǫi +
β
2
γ4ǫi =0
e−βrγ2(cos x
1∂x2 + sinx
1∂x3)ǫi +
(1− λ2)
4λ
γ123ǫi − γ4∂rǫi + β
2
γ4ǫi + LgRB
IVIγ2ǫ
k
i ǫk =0 (150)
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that are solved by the radial spinor
BIVI = 0 , γ1234ǫi = ǫi , β = λ
ǫi = e
(3β2−1)
4β
r
ζi . (151)
Substituting (151) back into (149) we obtain
−βt
2
γ4ǫi +
i√
6
(
Z
2
(β2 − 1)
β
γ24ǫi − LgRǫ ki ǫk
)
= 0
−
(
1 + β2
4β
)
γ4ǫi +
i√
6
(
Z
2
(β2 + 2)
β
γ24ǫi − LgRǫ ki ǫk
)
= 0
3β2 − 1
4β
γ4ǫi +
i√
6
(
Z
2
(2β2 + 1)
β
γ24ǫi + LgRǫ
k
i ǫk
)
= 0. (152)
As a simple check of the equations we see that β = 1, βt = 1, Z = 0 correspond to the Bianchi I
(AdS) solution (104). The equations (152) lead to the projections
γ4ζi = −iǫ ki ζk , (βt + 2β)2 = 6L2g2R
γ2ζi = −iζi ,
(
β2 − 1
β2 + 1
)2
=
3Z2
2
, βt =
β4 + 4β2 − 1
2β(1 + β2)
. (153)
It is clear that the additional projection condition due to γ2 breaks all of the supersymmetry. Thus
the Bianchi VII solution (147) is non supersymmetric. However the Bianchi VII algebra is a sub
algebra of the Poincare´ algebra (see §E) and hence also part of the super Poincare´ algebra. It is
possible that there are more general solutions in this class that may be supersymmetric.
C. Including hyper and tensor multiplets
In this section, we briefly comment about the possibilities of new supersymmetric solutions
due to addition of tensor or hypermultiplets. We will provide formal arguments as explicit solu-
tions such as the ones constructed in [35] have not been explored yet in specific models with ten-
sor/hypermultiplets. The addition of tensor/hyper multiplets modifies the supersymmetry trans-
formations (82). Let us first consider the gravitino equation [52]
δǫψµi = Dµǫi +
i
4
√
6
hM˜HM˜νρ(γµνρ − 4gµνγρ)ǫi +
i√
6
gRγµǫ
jPij (154)
35
where HM˜µν = {F Iµν , BJµν}, I = 0 . . . nV and J = 1, . . . , nT , BJµν is an antisymmetric tensor that
belongs to the tensor multiplet. The scalars hM˜ = {hI , hJ} are similarly functions of scalars from
the vector and tensor multiplets respectively. The addition of hypermultiplets allows more general
R symmetry gauging of the full SU(2)R symmetry group,
Pij(q) = h
IPIij(q) = h
IP rI (q)(σr)ij (155)
where the potentials are now SU(2) valued functions of the hyperscalars in the hypermultiplet.
First let us consider the case of hypermultiplets turned on, but no tensor multiplets. In this
case, the only difference is that the quaternionic prepotential is a SU(2) triplet function of the
hyperscalars instead of a singlet for the U(1)R case. Hence for N = 2 gauged supergravity with
SU(2)R gauging, including vector and hypermultiplets, and a generic gauging of the symmetries
of the very special manifold and the quaternionic Ka¨hler manifold the Killing spinor results that
pertain to non-supersymmetric solutions in §IVB and §C continue to hold. 22 Of course, this
does not affect the gaugino conditions, but in addition there are new conditions from hyperino
equations. We will discuss them shortly.
With tensor multiplets turned on in addition there are more possibilities. If the tensor fields
are oriented carefully there are possibilities of subtle cancellations that can potentially lead to
interesting new solutions with supersymmetry preserving projection conditions. However, in the
models that have been studied before in [35] we have not found any such possibility. Nevertheless
this requires an independent analysis and it is helpful to obtain some conditions from gaugino and
hyperino conditions first to aid in this direction.
The addition of tensor multiplets also changes the analysis of the gaugino conditions in an
interesting way. The gaugino equations acquire an additional term due to tensor multiplets [52]
δǫλ
a˜
i = −
i
2
gAIµf
a˜
x˜K
x˜
I γ
µǫi +
1
4
ha˜
M˜
HM˜µνγµνǫi − gRǫjP a˜ij + g
√
6
4
hIK x˜I f
a˜
x˜ ǫi = 0 (156)
where x˜ = 0, nV + nT labels the moduli φ
x˜ in the vector and tensor multiplets. The vielbeins f a˜x˜
live on the tangent space corresponding to the very special manifold S. If we continue to impose
22 For the supersymmetric solutions §106 and §IVB3 addition of tensor and hypermultiplets imposes additional new
relations from the hyperscalar equations and the tensor field equations of motion. Moreover the parameter space
is also enhanced, so one can possibly find new such solutions. It will be interesting to see if the solutions §106 and
§IVB3 continue to remain supersymmetric in suitable models.
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a straightforward generalization of the attractor conditions (93) 23
∂x˜((QIh
I(φ∗) +BJh
J (φ∗)) = 0 , hI(φ∗)P x˜I (q
∗) = 1 (157)
the gaugino equations reduce to
δǫλ
a˜
i = gf
a˜
x˜K
x˜
I
(
−iAIµγµ +
√
6
2
hI
)
ǫi = 0 (158)
that can be solved for an electric solution by imposing the conditions
γ0ǫi = ±iǫi , gf a˜x˜ (φ∗)K x˜I (φ∗)
(
±QI + 2
√
6hI(φ∗)
)
= 0 (159)
or by imposing the conditions
QIK x˜I (φ
∗) = 0 , hI(φ∗)K x˜I (φ
∗) = 0 . (160)
for either of electric or magnetic solutions. In addition one also has the hyperino conditions [52]
at the attractor point
δζA = gfAXiK
X
I
(
−iAIµγµ +
√
6
2
hI
)
ǫi = 0 (161)
In the above, KXI are similarly Killing vectors on the Quaternioni manifold Q, fAXI are vielbeins
on Q, g is the gauge coupling constant for the gauging of the symmetries on Q. Note that (161) is
structurally similar to the gaugino condition (158) after imposing attractor like conditions (157).
Thus for electric solutions we can impose
γ0ǫi = ±iǫi , gfAX˜i(q∗)KXI (q∗)
(
±QI + 2
√
6hI(φ∗)
)
= 0 (162)
or by imposing the conditions
QIKXI (q
∗) = 0 , hI(φ∗)KXI (q
∗) = 0 . (163)
for either of electric or magnetic solutions. It is interesting to note that the conditions in (160)
23 Here φ∗ and q∗ are constant attractor values of the moduli and BI are the tensor charges.
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(163)namely
hI(φ∗)K x˜I (φ
∗) = 0 , hI(φ∗)KXI (q
∗) = 0 (164)
appear in flow equations that preserve supersymmetry in AdS (see eq 2.60 of [41]). So it seems
reasonable to impose the above conditions to find Bianchi attractor solutions that potentially flow
to an asymptotic AdS geometry. However the conditions
QIKXI (q
∗) = 0 , QIK x˜I (φ
∗) = 0 (165)
are problematic as they kill the effective mass terms in the field equations [35] and would still lead
to massless solutions. Thus one possibility to find more interesting massive Bianchi solutions in the
N = 2 theory with vector, tensor and hypermultiplets with generic gauging is to consider solutions
sourced by time like gauge fields. Then the gaugino and hyperino equations are satisfied by the
attractor condition (157), the projections (159) and (162). However solving the Killing spinor
equation would require great care in choosing the tensor field configuration, as we would require
a projection condition on the spinor that would commute with that of (159) and (162). We have
not found any such solution in the models considered earlier in [35, 46]. Perhaps instead of trying
to find explicit solutions and then verifying supersymmetry it may be useful to analyse the Killing
spinor integrability conditions carefully together with the flow conditions (164) to determine the
possible supersymmetric Bianchi attractor solutions in this theory. We hope to report this in a
future work.
V. SUMMARY
In this paper we analyzed the supersymmetry of Bianchi attractors in N = 2 d = 4, 5 gauged
supergravity. In d = 4, we studied the supersymmetry of Bianchi I and II attractors sourced by
electric fields. In the Bianchi I case, we studied an AdS2 ×R2 metric sourced by a time like gauge
field. We analyze the gaugino and Killing spinor equations and find that the radial spinor and its
projection condition preserve 1/4 of the supersymmetry. In the Bianchi II case, we construct an
electric AdS2 ×H2 solution and find that the radial spinor breaks all supersymmetry.24 The main
lesson we learnt from this exercise is that the radial spinor plays an important role in preserving
24 The magnetic AdS2 ×H
2 is known to be 1
8
BPS [50, 66].
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supersymmetry. These results are special cases of the more general analysis of [34, 51].
In d = 5 N = 2 gauged supergravity, we consider the theory with a generic gauging of sym-
metries of the scalar manifold and a U(1)R gauging of the R symmetry. The Bianchi attractor
geometries that can be constructed are sourced by massive or massless gauge fields. For a generic
gauging of the scalar manifold and R symmetry, when the fermionic shifts in the gaugino and hy-
perino conditions do not vanish, the projection conditions that need to be imposed on the Killing
spinor depend entirely on the gauge field/field strength configuration. We show that for the known
field configurations that source the Bianchi type geometries, there are no supersymmetric projec-
tions possible. Independently we show that the radial spinor breaks supersymmetry for all metrics
of this class. Thus for a generic gauging of the scalar manifold and when the fermionic shifts do
not vanish there are no supersymmetric Bianchi attractors. This result for Bianchi type geometries
is similar to the result for maximally supersymmetric solutions [41, 52].
When the central charge of the theory satisfies an extremization condition at the attractor point
25
∂iZ = 0 (166)
some of the fermionic shifts vanish. Supersymmetry invariance of the resultant equations allow
only massless solutions. This prompts the search for Bianchi type metrics sourced by massless
gauge fields and cosmological constant. We construct new Bianchi I, Bianchi III, Bianchi V and
Bianchi VII classes of solutions sourced by massless gauge fields and a cosmological constant. Since
the gaugino conditions are completely solved in these cases, the supersymmetry preserved by the
geometries are determined by the Killing spinor equation. In the Bianchi I class we construct an
anisotropic 1/2 BPS AdS3×R2 solution where the anisotropy is generated by a magnetic field. The
supersymmetry is entirely due to the AdS3 part and the Killing spinor does not depend on the R
2
directions. We also construct a one parameter family of 1/2 BPS Bianchi III geometries, labeled
by the central charge. When the central charge of the Bianchi III geometry takes the same value
as that of AdS3×R2, the solution reduces to the known 1/2 BPS AdS3×H2 solution [54]. For the
Bianchi V and Bianchi VII classes the radial spinor breaks all supersymmetry and hence these are
non-supersymmetric geometries. However, the parameters that characterize these solutions can be
chosen in accordance with the stability criterion discussed in [47].
25 In the study of the attractor mechanism in d = 5 ungauged supergravity, It is well known that central charge
satisfies an extremization condition at the attractor points [59].
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Finally we also construct vacuum Bianchi III (AdS3×H2) and Bianchi V (AdS2×H3) geometries
respectively. The solutions for the Killing spinor equations in both the cases necessarily require
dependence on the H2/H3 coordinates respectively. The radial projection matrices for the AdS
and the EAdS geometries do not commute and hence these geometries break all of supersymmetry.
This is consistent with the results from integrability conditions in N = 2 gauged supergravity [35].
In §IVC we explored the possibile conditions to find more interesting Bianchi attractor ge-
ometries with massive gauge fields. Solutions with time like gauge fields and suitable tensor field
configurations may give rise to supersymmetry preserving projection conditions in the Killing spinor
equation. However, this has not worked so far in the models considered in [35, 46]. We hope to
explore this more further in future works.
Having constructed some of the simplest supersymmetric Bianchi attractors it is interesting
to find such solutions in theories with more supersymmetry. It will also be interesting to uplift
these solutions to higher dimensional supergravity. The Killing spinor equations suggest that in
most cases if the geometry has an AdSn part that factorizes, the corresponding Killing spinor is
sufficient to preserve supersymmetry of the whole solution. Having an AdS part may enable the
construction of more general Bianchi attractor geometries. Finally, it will be most interesting to
construct analytic solutions that interpolate to AdS. A related issue is the embeddability of the
Bianchi algebra in the Poincare´ or the conformal algebra. The Bianchi I and Bianchi VII algebras
are sub algebras of the Poincare´ algebra, the other Bianchi algebras have scaling type generators
and may presumably be obtained from a truncation of the conformal algebra.
In this work we studied Bianchi attractors in d = 4, 5. Earlier works have constructed Bianchi
attractors as generalized attractors in gauged supergravity [35, 45, 46]. In the studies of black
holes in ungauged supergravity there have been studies on the 4d/5d correspondence where relation
between the potential and critical points in d = 4 and d = 5 have been elucidated [67]. Similar
studies have been performed for gauged supergravity relating black strings in d = 5 and AdS2×S2
in d = 4 [68]. It would be interesting to explore the relation between generalized attractor potenitals
in d = 4 and d = 5 and their critical points.
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APPENDIX A: CONVENTIONS
1. Gamma matrices and Spinors in four dimensions
The Clifford algebra in 4 space-time dimensions is
{γa, γb} = 2ηab (A1)
with the metric convention ηab = {+,−,−,−}. 26 The Dirac matrices in four dimensions can be
chosen to be
γ0 = I2 ⊗ σ1
γ1 = iσ1 ⊗ σ2
γ2 = iσ2 ⊗ σ2
γ3 = iσ3 ⊗ σ2 (A2)
where σi, i = 1, 2, 3 are the usual Pauli matrices and I2 is the two dimensional unit matrix. We
define the chirality matrix to be γ5 = −iγ0γ1γ2γ3 and the charge conjugation matrix C = iγ2γ0 =
γ1γ3. The charge conjugation matrix C has the property Ct = −C = C−1.
In four dimensions we can impose the weyl condition on a four component spinor such that
γ5ǫA = ǫA
γ5ǫ
A = −ǫA (A3)
26 We follow the conventions of [48] for N = 2, d = 4 gauged supergravity.
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where the conjugate spinor is defined as
ǫA = (ǫA)
c = γ0C
−1(ǫA)
∗ = −γ0C(ǫA)∗ . (A4)
We use the following decomposition of the spinors in some sections. Using the fact that [γ5, C] =
0, we can decompose the spinor into simultaneous eigenstates of C and γ5 as follows
ǫA =

 0
C+A |+〉

+

 0
C−A |−〉

 (A5)
where C+A and C
−
A are complex coefficients. The two component states |+〉, |−〉
|+〉 = 1√
2

 1
i

 , |−〉 = 1√
2

 1
−i

 (A6)
are eigenstates of σ matrices
σ1|±〉 = ±i|∓〉 , σ2|±〉 = ±|±〉 , σ3|±〉 = |∓〉 . (A7)
2. Gamma matrices and Spinors in five dimensions
In this section, we summarize our notations and conventions for spinors in five dimensions. We
mostly follow our conventions of [52]. The Clifford algebra in 5 space-time dimensions is
{γa, γb} = 2ηab (A8)
where the metric signature that is mostly plus. The Dirac matrices in five dimensions are
γ0 = −iσ2 ⊗ σ3
γ1 = −σ1 ⊗ σ3
γ2 = I2 ⊗ σ1
γ3 = I2 ⊗ σ2
γ4 = −iγ0γ1γ2γ3 = σ3 ⊗ σ3 (A9)
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where σi, i = 1, 2, 3 are the usual Pauli matrices and I2 is the two dimensional unit matrix. The
charge conjugation matrix C has the property Ct = −C = C−1 and,
CγaC−1 = (γa)t (A10)
where C = Bγ0, with B = γ3 such that B∗B = −1. The spinors in the theory carry an SU(2)
index which is raised and lowered using ǫij
Xj = ǫjiXi, Xj = X
iǫij (A11)
with ǫ12 = ǫ
12 = 1.
Spinors in d = 5 satisfy a symplectic majorana condition. To apply this condition one needs
B∗B = −1, even number of Dirac spinors ψi, i = 1, . . . , 2n and an antisymmetric real matrix Ωij
with Ω2 = −12n. The symplectic majorana condition on a generic spinor reads as
ψ∗i = ΩijBψj (A12)
or equivalently [52] as
ψ¯i ≡ (ψ∗i )tγ0 = (ψi)tC . (A13)
For N = 2 supersymmetry i = 1, 2, and using Ωij = ǫij (A12) reads as
ψ∗1 = γ
3ψ2 . (A14)
Note that this condition does not reduce the degrees of freedom as compared to a single uncon-
strained Dirac spinor. This is because one needs at least a pair of Dirac spinors to apply the
symplectic majorana condition (A12). However, it does make the R-symmetry manifest.
Antisymmetrization of indices in the Dirac matrices is done with the following convention
γa1a2...an = γ[a1a2...an] =
1
n!
∑
σ∈Pn
Sign(σ)γaσ(1)γaσ(2) . . . γaσ(n) . (A15)
In d = 5 only I, γa, γab form an independent set, other matrices are related by the general identity
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for d = 2k + 3
γµ1µ2...µs =
−i−k+s(s−1)
(d− s)! ǫ
µ1µ2...µsγµs+1...µd . (A16)
We also list some useful identities involving various Dirac matrices [69],
[γa, γb] =2γab
[γh, γabc] =2γhabc
[γabc, γegh] =ηefηgpηhk(2γ
fpk
abc − 36δ [fp[ab γ
k]
c] ) . (A17)
APPENDIX B: BIANCHI SOLUTIONS IN 4D GAUGED SUPERGRAVITY
In this section, we list the field equations of the Bianchi I (AdS2× R2) and Bianchi II (AdS2×
EAdS2) solutions in N = 2, d = 4 gauged supergravity. We are interested in an attractor type
solution where the scalars (z, q) are constants independent of spacetime coordinates and only the
hypermultiplets are charged under abelian gauging. The field equations can be derived from an
effective Lagrangian [48]
Leff = −1
2
R+ ImNΛΣF
Λ
µνF
Σµν − V(z, z¯, q) + gXYKXΛ KYΣAΛµAµΣ . (B1)
1. Bianchi I: AdS2× R2
We write the AdS2× R2 in a convenient coordinate system as
ds2 =
R20
σ2
(dt2 − dσ2)−R20(dy2 + dρ2) . (B2)
This metric can be easily supported by an electric gauge field, we choose our gauge field ansatz to
be
AΛ =
EΛ
σ
dt . (B3)
The gauge field equations are
gXYK
X
Λ K
Y
ΣE
Λ = 0 . (B4)
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There are nv + 1 equations for the nv + 1 variables EΛ. At the attractor point the scalars are
constants, as a result all the spacetime derivatives drop and the scalar field equations reduce to
the extremization of an effective potential (attractor potential)
∂
∂qX
Veff = 0 , ∂
∂zi
Veff = 0
Veff = V(z, z¯, q)− gXYKXΛ KYΣ
EΛEΣ
R20
+ ImNΛΣ
EΛEΣ
2R40
. (B5)
There are nV scalar equations for z
i and 4nH hyperscalar equations for q
X . The Einstein equations
are
0 =R20Veff + 2gXYKXΛ KYΣEΛEΣ − ImNΛΣ
EΛEΣ
R20
0 =−R20Veff + ImNΛΣ
EΛEΣ
R20
− 1
R20
=Veff (B6)
where Veff is defined in (B5). The above equations can be recast as the following conditions
V(z, z¯, q) =− 1
2R20
ImNΛΣE
ΛEΣ
R20
=− 1
gXYK
X
Λ K
Y
ΣE
ΛEΣ =0 (B7)
to be satisfied for a given specific model.
2. Bianchi II: AdS2× EAdS2 solution
As we have discussed before the Bianchi II symmetries are the isometries of a hyperbolic space
H
2 that is nothing but Euclidean AdS2. In a suitable coordinate system a Bianchi II metric takes
the following form
ds2 =
R21
σ2
(dt2 − dσ2)− R
2
2
ρ2
(dy2 + dρ2) . (B8)
Similar to the AdS2× R2 solution discussed in the earlier section, this metric can also be supported
by electric gauge fields. The gauge field ansatz is identical to the earlier case. The scalar field
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equations and gauge field equations are same as (B5) and (B4) respectively. The Einstein equations
take the form
−R
2
1
R22
=R21Veff + 2gXYKXΛ KYΣEΛEΣ − ImNΛΣ
EΛEΣ
R21
R21
R22
=−R21Veff + ImNΛΣ
EΛEΣ
R21
Veff =− 1
R21
. (B9)
The above equations can be recast in the form
V(z, z¯, q) =− 1
2
(
1
R21
+
1
R22
)
ImNΛΣE
ΛEΣ =
R21
R22
(R21 −R22)
gXYK
X
Λ K
Y
ΣE
ΛEΣ =0 . (B10)
APPENDIX C: KILLING SPINOR EQUATION FOR THE MASSIVE CASES
In §IVA we demonstrated that the gaugino and hyperino conditions break all supersymmetry
for Bianchi type solutions when g 6= 0 cases. In this section, we show that the massive solutions
studied earlier do not solve the Killing spinor equation for a radial ansatz. The solutions studied
in this section are sourced by time like gauge fields and a cosmological constant. These have been
constructed earlier in [13, 35]. In this section, we show that (independent of the conclusions from
§IVA) a radial Killing spinor (C1) breaks all supersymmetry conditions. For this section, we just
assume the radial spinor ansatz
ǫi = f(r)ζi (C1)
where ζi are constant symplectic majorana spinors. The Killing spinor equation has the form
Dµǫi +
i
4
√
6
hIF
νρI(γµνρ − 4gµνγρ)ǫi + i√
6
gRγµǫ
k
i ǫk = 0 (C2)
where
Dµǫi ≡ ∂µǫi + 1
4
ω abµ γabǫi + gRA
I
µVIǫ
k
i ǫk . (C3)
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1. Bianchi I
We start with a simple Bianchi I type solution (see Appendix C of [13]) sourced by a magnetic
gauge field. The metric is written in terms of the one forms
e0 = Leβrdt , e1 = Leβ1rω1 , e2 = Leβrω2 , e3 = Leβrω3 , e4 = Ldr (C4)
where β ≥ 0, β1 ≥ 0 are the Lifshitz exponents. The invariant one forms
ωi = dxi , i = 1, 2, 3 (C5)
all commute with one another and satisfy dωi = 0. We choose the gauge field to lie along the x1
direction
AI = BIe1 (C6)
where BI are constants. The Killing spinor equations in the above background have the form
e−βrγ0∂tǫi − β
2
γ4ǫi +
i√
6
(
β1
2
BIhIγ14ǫi − LgRǫ ki ǫk
)
= 0
e−β1rγ1∂x1ǫi +
β1
2
γ4ǫi + gRLB
Iγ1VIǫ
k
i ǫk +
i√
6
(
β1B
IhIγ14ǫi + LgRǫ
k
i ǫk
)
= 0
e−βrγ2∂x2ǫi +
β
2
γ4ǫi +
i√
6
(
−β1
2
BIhIγ14ǫi + LgRǫ
k
i ǫk
)
= 0
e−βrγ3∂x3ǫi +
β
2
γ4ǫi +
i√
6
(
−β1
2
BIhIγ14ǫi + LgRǫ
k
i ǫk
)
= 0
γ4∂rǫi +
i√
6
(
β1B
JhJγ14ǫi + LgRǫ
k
i ǫk
)
= 0 . (C7)
Using the Killing spinor ansatz (C1) we get the following three independent equations
−1
2
βγ4ǫi +
i
2
√
6
β1B
JhJγ14ǫi − i√
6
LgRǫ
k
i ǫk = 0
1
2
β1γ4ǫi + gRLB
Jγ1VJǫ
k
i ǫk +
i√
6
β1B
JhJγ14ǫi +
i√
6
LgRǫ
k
i ǫk = 0
γ4∂rǫi +
i√
6
β1B
JhJγ14ǫi +
i√
6
LgRǫ
k
i ǫk = 0 . (C8)
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Taking the difference of the last two equations from the above set we get
∂rǫi − 1
2
β1ǫi = 0 =⇒ ǫi = e
β1
2
rζi (C9)
where we have imposed the condition
BIVI = 0 . (C10)
Recollect that this same condition was used earlier for the 4d supersymmetric Lifshitz solution [48]
and for the AdS2×R2 solution in §IIIB. Substituting (C9) and (C10) in (C8) we get the projection
conditions
γ14ζi = Xǫ
k
i ζk (C11)
γ4ζi = iY ǫ
k
i ζk (C12)
where
X =
2LgR(β − β1)
(β1 + 2β)β1(BJhJ)
, Y =
√
6LgR
β1 + 2β
. (C13)
Consistency of (C11) and (C12) as projectors gives the conditions
(1−X2)ζi = 0 (C14)
(1− Y 2)ζi = 0 (C15)
Note that there is no issue with either of the above projectors by themselves as both the conditions
(C14) and (C15) can be individually met.
However mutual consistency of the projectors (C11) and (C12) together gives
γ1ζi = −iXY ζi (C16)
that breaks supersymmetry. More explicitly squaring the projector we see that
(1 +X2Y 2)ζi = 0 (C17)
cannot be met. Hence it follows that the only solution to (C17) is that all the ζi vanish. This
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implies that the projectors (C11) and (C12) together break all of the supersymmetry.
2. Bianchi II
The Bianchi II metrics are constructed out of the one forms [13]
e0 = Leβtrdt , e1 = Le(β2+β3)rω1 , e2 = Leβ2rω2 , e3 = Leβ3rω3 , e4 = Ldr (C18)
where the invariant one forms ωi are given by
ω1 = dx2 − x1dx3 , ω2 = dx3 , ω3 = dx1 , (C19)
and the exponents βi are all positive. We choose the gauge field along the time direction
AI = EIe0 . (C20)
The Killing spinor equations in this background with the spinor ansatz (C1) are given by
e−βtrγ0∂tǫi − 1
2
βtγ4ǫi + LgRE
Iγ0VIǫ
k
i ǫk +
i√
6
(
hIE
Iβtγ04ǫi − LgRǫ ki ǫk
)
= 0
e−(β2+β3)rγ1∂x2ǫi +
1
4
(2(β2 + β3)γ4 − γ123) ǫi + i√
6
(
1
2
hIE
Iβtγ04ǫi + LgRǫ
k
i ǫk
)
= 0
e−β2rγ2(∂x3 + x
1∂x2)ǫi +
1
4
(γ123 + 2β2γ4)ǫi +
i√
6
(
1
2
hIE
Iβtγ04ǫi + LgRǫ
k
i ǫk
)
= 0
e−β3rγ3∂x1ǫi +
1
4
(γ123 + 2β3γ4)ǫi +
i√
6
(
1
2
hIE
Iβtγ04ǫi + LgRǫ
k
i ǫk
)
= 0
γ4∂rǫi − i√
6
(
hIE
Iβtγ04ǫi − LgRǫ ki ǫk
)
= 0 . (C21)
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−1
2
βtγ4ǫi + gRE
Iγ0VIǫ
k
i ǫk +
i√
6
(
hIE
Iβtγ04ǫi − LgRǫ ki ǫk
)
= 0 (C22)
1
4
(2(β2 + β3)γ4 − γ123) ǫi + i√
6
(
1
2
hIE
Iβtγ04ǫi + LgRǫ
k
i ǫk
)
= 0 (C23)
1
4
(γ123 + 2β2γ4)ǫi +
i√
6
(
1
2
hIE
Iβtγ04ǫi + LgRǫ
k
i ǫk
)
= 0 (C24)
1
4
(γ123 + 2β3γ4)ǫi +
i√
6
(
1
2
hIE
Iβtγ04ǫi + LgRǫ
k
i ǫk
)
= 0 (C25)
γ4∂rǫi − i√
6
(
hIE
Iβtγ04ǫi − LgRǫ ki ǫk
)
= 0 . (C26)
From (C23), (C24) and (C25) we immediately see that
β2 = β3 = β
(γ1234 + β)ζi = 0 . (C27)
It follows that β = +1. The equation satisfied by the radial Killing spinor can be determined from
(C26) and (C22)
∂rǫi − 1
2
βtǫi = 0 =⇒ ǫi = e
βt
2
rζi (C28)
where we have imposed the condition EIP xI = 0 as before. The remaining conditions can be casted
in the form of the projection conditions
γ4ζi = −iY ǫ ki ζk (C29)
γ0ζi = −iXζi (C30)
where
Y =
√
6LgR
3 + βt
, X =
√
6βthIE
I
(3− 2βt) . (C31)
The projectors (C29) and (C30) imply the following conditions respectively
(1−X2)ζi = 0 =⇒ X = ±1 (C32)
(1− Y 2)ζi = 0 =⇒ Y = ±1 . (C33)
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However mutual consistency of the two projectors gives
γ04ζi = −XY ǫ ki ǫk =⇒ (1 +X2Y 2)ζi = 0 (C34)
that cannot be satisfied due to all the quantities X,Y being real. Hence the only possible solution
is ζi = 0 that breaks all supersymmetry.
3. Bianchi III, V, VIh
The Bianchi III (h = 0), V (h = 1) and VI (h 6= 0, 1) metrics are constructed out of the forms
e0 = Leβtrdt , e1 = Leβ1rω1 , e2 = Leβ2rω2 , e3 = Lω3 , e4 = Ldr (C35)
where the invariant one forms are given by
ω1 = e−x
1
dx2 , ω2 = e−hx
1
dx3 , ω3 = dx1 . (C36)
In general the metrics of the Bianchi III, V, VI types are sourced by a time like gauge field [13, 46]
AI = EIe0 . (C37)
The few special examples that are highly symmetric We carry out the Killing spinor analysis for a
general h and only set it to the appropriate values when needed.
e−βtrγ0∂tǫi − βt
2
γ4ǫi + gRLE
Iγ0VIǫ
k
i ǫk +
i√
6
(
βtE
IhIγ04ǫi − LgRǫ ki ǫk
)
= 0
e−β1r+x
1
γ1∂x2ǫi −
1
2
γ3ǫi +
β1
2
γ4ǫi +
i√
6
(
βt
2
EIhIγ04ǫi + LgRǫ
k
i ǫk
)
= 0
ehx
1−β2rγ2∂x3ǫi −
h
2
γ3ǫi +
β2
2
γ4ǫi +
i√
6
(
βt
2
EIhIγ04ǫi + LgRǫ
k
i ǫk
)
= 0
γ3∂x1ǫi +
i√
6
(
βt
2
EIhIγ04ǫi + LgRǫ
k
i ǫk
)
= 0
γ4∂rǫi − i√
6
(
βtE
IhIγ04ǫi − LgRǫ ki ǫk
)
= 0 (C38)
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Using the ansatz (C1) the Killing spinor equations take the form
−βt
2
γ4ǫi + gRLE
IVIγ0ǫ
k
i ǫk +
i√
6
(
βtE
IhIγ04ǫi − LgRǫ ki ǫk
)
= 0 (C39)
−1
2
γ3ǫi +
β1
2
γ4ǫi +
i√
6
(
βt
2
EIhIγ04ǫi + LgRǫ
k
i ǫk
)
= 0 (C40)
−1
2
hγ3ǫi +
β2
2
γ4ǫi +
i√
6
(
βt
2
EIhIγ04ǫi + LgRǫ
k
i ǫk
)
= 0 (C41)
i√
6
(
βt
2
EIhIγ04ǫi + LgRǫ
k
i ǫk
)
= 0 (C42)
γ4∂rǫi − i√
6
(
βtE
IhIγ04ǫi − LgRǫ ki ǫk
)
= 0 . (C43)
From (C43) and (C39) after imposing the condition EIVI = 0 as before, we get the radial equation
∂rǫi − 1
2
βtǫi = 0 =⇒ ǫi = e
βt
2
rζi . (C44)
The remaining equations can be simplified to the following conditions
γ3ζi = β1γ4ζi (C45)
hγ3ζi = β2γ4ζi (C46)
βtE
IhIγ04ζi = 2LgRǫ
k
i ζk (C47)
βtγ4ζi = i
√
6LgRǫ
k
i ζk . (C48)
We already see that the condition (C45) breaks all of the supersymmetry for Bianchi III, V and
V Ih cases since
γ34ζi = −β1ζi =⇒ (1 + β21)ζi = 0 (C49)
cannot be satisfied as β1 has to be real. For Bianchi V (h = 0), it is possible to avoid the equation
(C46) by choosing β2 = 0, however the rest of the conditions obviously break supersymmetry as
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can be seen below. The remaining conditions from (C46)-(C48) are
(
1 +
h2
β22
)
ζi = 0 (C50)(
1 +
(
2LgR
βtEIhI
)2)
ζi = 0 (C51)
(
1− 6L
2g2R
β2t
)
ζi = 0 . (C52)
The last condition (C52) in principle can be satisfied for all cases. However the first two conditions
(C50), (C51) lead to the solution ζi = 0 and break supersymmetry explicitly for all of Bianchi III,
V and VIh cases.
4. Bianchi IX
Our last example is Bianchi IX, the metric is written in terms of the one forms
e0 = Leβtrdt , e1 = Lω1 , e2 = Lω2 , e3 = Lλω3 , e4 = Ldr (C53)
where λ is the squashing parameter as in the Bianchi VII case. The one forms invariant under the
Bianchi IX symmetry are given by
ω1 = − sinx3dx1 + sinx1 cos x3dx2
ω2 = cos x3dx1 + sinx1 sinx3dx2
ω3 = cos x1dx2 + dx3 . (C54)
Following [26] we choose the gauge field ansatz to be
AI1 = E
Ie0 , AJ2 = B
Je3 (C55)
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where EI , BJ are constants and I + J = nV + 1.
e−βtrγ0∂tǫi − βt
2
γ4ǫi + LgRE
IVIγ0ǫ
k
i ǫk +
i√
6
((
hIE
Iβtγ04 − λhJB
J
2
γ12
)
ǫi − LgRǫ ki ǫk
)
= 0
γ1
(
− sinx3∂x1 +
cos x3
sinx1
∂x2 −
cos x3
tanx1
∂x3
)
ǫi +
λ
4
γ123ǫi +
i√
6
((
hIE
I
2
βtγ04 − λhJBJγ12
)
ǫi
+LgRǫ
k
i ǫk
)
= 0
γ2
(
cos x3∂x1 +
sinx3
sinx1
∂x2 −
sinx3
tanx1
∂x3
)
ǫi +
λ
4
γ123ǫi +
i√
6
((
hIE
I
2
βtγ04 − λhJBJγ12
)
ǫi
+LgRǫ
k
i ǫk
)
= 0
γ3
λ
∂x3ǫi +
(2− λ2)
4λ
γ123ǫi + LgRB
IVIγ3ǫ
k
i ǫk +
i√
6
((
hIE
I
2
βtγ04 +
hJB
J
2
λγ12
)
ǫi + LgRǫ
k
i ǫk
)
= 0
γ4∂rǫi +
i√
6
((
−hIEIβtγ04 + hJB
J
2
λγ12
)
ǫi + LgRǫ
k
i ǫk
)
= 0
(C56)
Using the ansatz (C1) the Killing spinor equations reduce to
−βt
2
γ4ǫi +
i√
6
((
hIE
Iβtγ04 − hJB
J
2
λγ12
)
ǫi − LgRǫ ki ǫk
)
= 0 (C57)
λ
4
γ123ǫi +
i√
6
((
hIE
I
2
βtγ04 − hJBJλγ12
)
ǫi + LgRǫ
k
i ǫk
)
= 0 (C58)
(2− λ2)
4λ
γ123ǫi +
i√
6
((
hIE
I
2
βtγ04 +
hJB
J
2
λγ12
)
ǫi + LgRǫ
k
i ǫk
)
= 0 (C59)
γ4∂rǫi +
i√
6
((
−hIEIβtγ04 + hJB
J
2
λγ12
)
ǫi + LgRǫ
k
i ǫk
)
= 0 (C60)
where we have set EIVI = 0 and B
JVJ = 0. The radial equation can be obtained by adding (C60)
and (C57)
∂rǫi − βt
2
ǫi = 0 =⇒ ǫi = e
βt
2
rζi . (C61)
Subtracting (C59) and (C58) we get the equation
1− λ2
λ
γ3ζi +
3i√
6
λhJB
Jζi = 0 . (C62)
This gives a projector of the type γ3ζi = iXζi that breaks all supersymmetry. We can avoid this
condition by choosing λ = 1 (no squashing) and setting the corresponding source field BJ = 0.
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The remaining independent equations are
−βt
2
γ4ζi +
i√
6
(
hIE
Iβtγ04ζi − LgRǫ ki ζk
)
= 0 (C63)
1
4
γ123ζi +
i√
6
(
hIE
I
2
βtγ04ζi + LgRǫ
k
i ζk
)
= 0 . (C64)
Adding the above equations and using γ123 = iγ04 we get the projection
γ0ζi = iXζi , X =
1 +
√
6hIE
Iβt
2βt
. (C65)
Squaring the above projector it follows that X = ±1. We can solve for βt to get
βt = ± 1
2∓√6EIhI
. (C66)
Substituting (C65) in (C63) and (C64) we obtain
γ4ζi = iY ǫ
k
i ζk , Y =
√
6LgR
βt ± 1 . (C67)
Squaring the above projector we get the condition
(1− Y 2)ζi = 0 (C68)
that constrains the parameters in Y . However as we have already seen in the previous cases we
find that the projectors (C65) and (C67) together break all supersymmetry. Acting with (C65) on
(C67) we get
γ04ζi = −XY ǫ ki ζk =⇒
(
1 +X2Y 2
)
ζi = 0 (C69)
that forces ζi = 0.
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APPENDIX D: BIANCHI SOLUTIONS IN 5D EINSTEIN MAXWELL THEORY WITH
A COSMOLOGICAL CONSTANT
In this section, we list the Bianchi type solutions sourced by a massless gauge field and a
cosmological constant. The action of the system we consider is
S =
∫
d5x
√−g
{
R+ Λ− 1
4
F 2
}
(D1)
We note that in our conventions Λ > 0 corresponds to AdS space. The Einstein equations read as
Rµν −
1
2
δµνR = T
µ
ν . (D2)
with
T µν =
1
2
FµλF
λ
ν +
1
2
δµν
(
Λ− 1
4
F ρσFρσ
)
(D3)
We list the details of the various solutions below. All of the below solutions can also be constructed
in the U(1)R gauged supergravity model considered in [47].
1. Bianchi I : AdS3 × R2
The metric is
ds2 = −e2rdt2 + dr2 + e2rdx2 + cdy2 + cdz2. (D4)
where c is an undetermined constant. We choose the magnetic field along the R2 direction
Fyz = B, (D5)
with B being a constant. It is easy to see that there are two independent equations
B2 − 2c2(−2 + Λ) = 0 (D6)
B2
2c
− 1
2
c(−6 + Λ) = 0 (D7)
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that are solved by
c =
|B|
2
, Λ = 4.
2. Bianchi III AdS3 ×H2 and Bianchi V AdS2 ×H3
The AdS3×H2 solutions have been constructed earlier with massless gauge fields [47]. Here we
present a vacuum solution as well
ds2 = −e2rdt2 + dr2 + e2rdx2 + dy2 + e−2λydz2. (D8)
It is straightforward to check that the Einstein equations are solved by
λ =
√
2 , Λ = 6.
Similarly, there is a vacuum AdS2×H3 solution similar to the charged solution constructed in [13].
It is given by
ds2 = −e2βtrdt2 + dr2 + dx2 + e−2xdy2 + e−2xdz2. (D9)
In this case too, the Einstein equations are solved by βt =
√
2,Λ = 6.
3. Bianchi VII
The Bianchi VII metric is given by
ds2 = R2[dr2 − e2βtrdt2 + (dx1)2 + e2βr((ω2)2 + λ2(ω3)2)]. (D10)
where the invariant one forms are defined as
ω1 = dx1 ; ω2 = cos(x1)dx2 + sin(x1)dx3 ; ω3 = − sin(x1)dx2 + cos(x1)dx3. (D11)
The gauge field configuration is
A = eβr
(√
A˜2 ω
2
)
. (D12)
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It follows that the gauge field equations of motion are
λ2(−2β(β + βt)) + 2 = 0. (D13)
Note that the solution we seek has five parameters, R, βt, β, λ, which enter in the metric and A˜2,
that determines the gauge field. These are all constants. The Einstein equations long the tt, rr,
and x1x1 directions read as
2(1 + A˜2)
λ2
+ 2λ2 + A˜2(2β
2) + 24β2 − 4(1 + Λ) = 0 (D14)
2(1 + A˜2)
λ2
+ 2λ2 + A˜2(−2β2) + 8β(β + 2βt)− 4(1 + Λ) = 0 (D15)
2(1 + A˜2)
λ2
+ 2λ2 − A˜2(2β2)− 8(3β2 + 2βtβ + β2t )− 4(1 − Λ) = 0. (D16)
The components along the x2, x3 directions lead to
2(3 + A˜2)
λ2
− 2λ2 − A˜2(2β2) + 8(β2 + βtβ + β2t )− 4(1 + Λ) = 0 (D17)
2(1 + A˜2)
λ2
− 6λ2 − A˜2(2β2)− 8(β2 + βtβ + β2t ) + 4(1 + Λ) = 0. (D18)
Counting eq.(D13) these are 6 equations in all. One can check that only 5 of these are inde-
pendent. These 5 equations determine the 5 parameters (Λ, β, βt, λ, A˜2), which then completely
determines the solution. Solving for the 5 parameters gives :
λ = 1.31964 (D19)
Λ = 3.28755 (D20)
β = 0.40893 (D21)
βt = 0.995299 (D22)
A˜2 = 5.73563 (D23)
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APPENDIX E: BIANCHI ALGEBRAS FROM POINCARE´ ALGEBRA
In this section, we illustrate that the Bianchi I and VII algebras are easily embedded in the
Poincare´ algebra. We begin with the Conformal algebra in a d dimensional spacetime
[Pµ, Pν ] = 0
[Pρ, Lµν ] = i (ηµρPν − ηνρPµ)
[Lµν , Lρσ] = i (ηνρLµσ + ηµσLνρ − ηµρLνσ − ηνσLµρ)
[D,Pµ] = iPµ
[D,Kµ] = −iKµ
[Kµ, Pν ] = 2i (ηµνD − Lµν)
[Kρ, Lµν ] = i (ηρµKν − ηρνKµ) . (E1)
The first three algebras form the Poincare´ sub algebra of the conformal algebra.
Consider scaling the coordinates
(λ1x
1, λ2x
2, λ3x
3).
As a result the generators scale as
Pi → 1
λi
Pi
Lij → 1
λiλj
Lij
D → D
ηij → 1
λiλj
ηij
Ki → 1
λi
Ki (E2)
The Bianchi I is generated by the usual translations
∂1 = P1
∂2 = P2
∂3 = P3 (E3)
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and the Bianchi V II generators are the combination of translation and rotation generators
∂2 = P2
∂3 = P3
∂1 − x3∂2 + x2∂3 = P1 + L23 (E4)
Thus the Bianchi I and Bianchi VII algebras form a closed sub algebra of the Poincare´ algebra. It
follows that the algebras are also sub algebras of the super Poincare´ algebra. The other Bianchi
type algebras listed in [13, 24, 25] are not embedded in the Poincare´ algebra in any obvious way.
[1] O. Aharony, S. S. Gubser, J. M. Maldacena, H. Ooguri, and Y. Oz, “Large N field theories, string
theory and gravity,” Phys.Rept., vol. 323, pp. 183–386, 2000.
[2] S. Sachdev, Quantum phase transitions. Wiley Online Library, 2007.
[3] S. Sachdev, “What can gauge-gravity duality teach us about condensed matter physics?,”
Ann.Rev.Condensed Matter Phys., vol. 3, pp. 9–33, 2012.
[4] K. Goldstein, S. Kachru, S. Prakash, and S. P. Trivedi, “Holography of Charged Dilaton Black Holes,”
JHEP, vol. 1008, p. 078, 2010.
[5] K. Goldstein, N. Iizuka, S. Kachru, S. Prakash, S. P. Trivedi, et al., “Holography of Dyonic Dilaton
Black Branes,” JHEP, vol. 1010, p. 027, 2010.
[6] M. Taylor, “Non-relativistic holography,” 2008.
[7] S. Kachru, X. Liu, and M. Mulligan, “Gravity Duals of Lifshitz-like Fixed Points,” Phys.Rev., vol. D78,
p. 106005, 2008.
[8] K. Balasubramanian and J. McGreevy, “Gravity duals for non-relativistic CFTs,” Phys.Rev.Lett.,
vol. 101, p. 061601, 2008.
[9] E. Perlmutter, “Domain Wall Holography for Finite Temperature Scaling Solutions,” JHEP, vol. 1102,
p. 013, 2011.
[10] A. Donos, J. P. Gauntlett, and C. Pantelidou, “Spatially modulated instabilities of magnetic black
branes,” JHEP, vol. 1201, p. 061, 2012.
[11] A. Donos and J. P. Gauntlett, “Holographic helical superconductors,” JHEP, vol. 1112, p. 091, 2011.
[12] A. Donos and J. P. Gauntlett, “Helical superconducting black holes,” Phys.Rev.Lett., vol. 108, p. 211601,
2012.
[13] N. Iizuka, S. Kachru, N. Kundu, P. Narayan, N. Sircar, et al., “Bianchi Attractors: A Classification of
Extremal Black Brane Geometries,” 2012.
[14] N. Iizuka, S. Kachru, N. Kundu, P. Narayan, N. Sircar, et al., “Extremal Horizons with Reduced
60
Symmetry: Hyperscaling Violation, Stripes, and a Classification for the Homogeneous Case,” JHEP,
vol. 1303, p. 126, 2013.
[15] A. Donos and J. P. Gauntlett, “Black holes dual to helical current phases,” Phys.Rev., vol. D86,
p. 064010, 2012.
[16] S. Cremonini and A. Sinkovics, “Spatially Modulated Instabilities of Geometries with Hyperscaling
Violation,” JHEP, vol. 1401, p. 099, 2014.
[17] J. Erdmenger, X.-H. Ge, and D.-W. Pang, “Striped phases in the holographic insulator/superconductor
transition,” JHEP, vol. 1311, p. 027, 2013.
[18] N. Iizuka, A. Ishibashi, and K. Maeda, “Can a stationary Bianchi black brane have momentum along
the direction with no translational symmetry?,” 2014.
[19] A. Donos, B. Goutraux, and E. Kiritsis, “Holographic Metals and Insulators with Helical Symmetry,”
JHEP, vol. 09, p. 038, 2014.
[20] E. Kiritsis and J. Ren, “On Holographic Insulators and Supersolids,” JHEP, vol. 09, p. 168, 2015.
[21] M. Ammon, J. Leiber, and R. P. Macedo, “Phase diagram of 4D field theories with chiral anomaly
from holography,” JHEP, vol. 03, p. 164, 2016.
[22] P. Kovtun, D. T. Son, and A. O. Starinets, “Viscosity in strongly interacting quantum field theories
from black hole physics,” Phys. Rev. Lett., vol. 94, p. 111601, 2005.
[23] S. Jain, R. Samanta, and S. P. Trivedi, “The Shear Viscosity in Anisotropic Phases,” JHEP, vol. 10,
p. 028, 2015.
[24] L. Landau and . Lifshitz, The classical theory of fields. Teoreticheskaia fizika (Izd. 4-e) (Landau, L. D,
1908-1968), Pergamon Press, 1975.
[25] M. Ryan and L. Shepley, Homogeneous Relativistic Cosmologies. Princeton Series in Physics, Princeton
University Press, 1975.
[26] S. Kachru, N. Kundu, A. Saha, R. Samanta, and S. P. Trivedi, “Interpolating from Bianchi Attractors
to Lifshitz and AdS Spacetimes,” 2013.
[27] S. Ferrara, R. Kallosh, and A. Strominger, “N=2 extremal black holes,” Phys.Rev., vol. D52, pp. 5412–
5416, 1995.
[28] A. Strominger, “Macroscopic entropy of N=2 extremal black holes,” Phys.Lett., vol. B383, pp. 39–43,
1996.
[29] S. Bellucci, S. Ferrara, R. Kallosh, and A. Marrani, “Extremal Black Hole and Flux Vacua Attractors,”
Lect.Notes Phys., vol. 755, pp. 115–191, 2008.
[30] S. Ferrara, K. Hayakawa, and A. Marrani, “Lectures on Attractors and Black Holes,” Fortsch.Phys.,
vol. 56, pp. 993–1046, 2008.
[31] S. Ferrara, G. W. Gibbons, and R. Kallosh, “Black holes and critical points in moduli space,”
Nucl.Phys., vol. B500, pp. 75–93, 1997.
[32] A. Sen, “Black Hole Entropy Function, Attractors and Precision Counting of Microstates,”
Gen.Rel.Grav., vol. 40, pp. 2249–2431, 2008.
61
[33] K. Goldstein, N. Iizuka, R. P. Jena, and S. P. Trivedi, “Non-supersymmetric attractors,” Phys.Rev.,
vol. D72, p. 124021, 2005.
[34] N. Halmagyi, “BPS Black Hole Horizons in N=2 Gauged Supergravity,” 2013.
[35] K. Inbasekar and P. K. Tripathy, “Generalized Attractors in Five-Dimensional Gauged Supergravity,”
JHEP, vol. 1209, p. 003, 2012.
[36] S. Barisch-Dick, G. Lopes Cardoso, M. Haack, and S. Nampuri, “Extremal black brane solutions in
five-dimensional gauged supergravity,” JHEP, vol. 1302, p. 103, 2013.
[37] D. Klemm and O. Vaughan, “Nonextremal black holes in gauged supergravity and the real formulation
of special geometry,” JHEP, vol. 1301, p. 053, 2013.
[38] S. Barisch, G. Lopes Cardoso, M. Haack, S. Nampuri, and N. A. Obers, “Nernst branes in gauged
supergravity,” JHEP, vol. 1111, p. 090, 2011.
[39] G. Dall’Agata and A. Gnecchi, “Flow equations and attractors for black holes in N = 2 U(1) gauged
supergravity,” JHEP, vol. 1103, p. 037, 2011.
[40] K. Hristov, H. Looyestijn, and S. Vandoren, “BPS black holes in N=2 D=4 gauged supergravities,”
JHEP, vol. 1008, p. 103, 2010.
[41] A. Ceresole, G. Dall’Agata, R. Kallosh, and A. Van Proeyen, “Hypermultiplets, domain walls and
supersymmetric attractors,” Phys. Rev., vol. D64, p. 104006, 2001.
[42] S. L. Cacciatori and D. Klemm, “Supersymmetric AdS(4) black holes and attractors,” JHEP, vol. 1001,
p. 085, 2010.
[43] F. Benini, K. Hristov, and A. Zaffaroni, “Black hole microstates in AdS4 from supersymmetric local-
ization,” JHEP, vol. 05, p. 054, 2016.
[44] F. Benini, K. Hristov, and A. Zaffaroni, “Exact microstate counting for dyonic black holes in AdS4,”
2016.
[45] S. Kachru, R. Kallosh, and M. Shmakova, “Generalized Attractor Points in Gauged Supergravity,”
Phys.Rev., vol. D84, p. 046003, 2011.
[46] K. Inbasekar and P. K. Tripathy, “Stability of Bianchi attractors in Gauged Supergravity,” JHEP,
vol. 1310, p. 163, 2013.
[47] K. Inbasekar and R. Samanta, “Stable Bianchi III attractor in U(1)R gauged supergravity,” JHEP,
vol. 08, p. 055, 2014.
[48] N. Halmagyi, M. Petrini, and A. Zaffaroni, “Non-Relativistic Solutions of N=2 Gauged Supergravity,”
JHEP, vol. 1108, p. 041, 2011.
[49] D. Cassani and A. F. Faedo, “Constructing Lifshitz solutions from AdS,” JHEP, vol. 05, p. 013, 2011.
[50] S. Chimento, D. Klemm, and N. Petri, “Supersymmetric black holes and attractors in gauged super-
gravity with hypermultiplets,” JHEP, vol. 06, p. 150, 2015.
[51] H. Erbin and N. Halmagyi, “Abelian hypermultiplet gaugings and BPS vacua in N =2 supergravity,”
JHEP, vol. 05, p. 122, 2015.
[52] A. Ceresole and G. Dall’Agata, “General matter coupled N=2, D = 5 gauged supergravity,” Nucl.Phys.,
62
vol. B585, pp. 143–170, 2000.
[53] R. Critelli, S. I. Finazzo, M. Zaniboni, and J. Noronha, “Anisotropic shear viscosity of a strongly
coupled non-Abelian plasma from magnetic branes,” Phys. Rev., vol. D90, no. 6, p. 066006, 2014.
[54] D. Klemm and W. A. Sabra, “Supersymmetry of black strings in D = 5 gauged supergravities,” Phys.
Rev., vol. D62, p. 024003, 2000.
[55] L. Andrianopoli, M. Bertolini, A. Ceresole, R. D’Auria, S. Ferrara, P. Fre, and T. Magri, “N=2 super-
gravity and N=2 superYang-Mills theory on general scalar manifolds: Symplectic covariance, gaugings
and the momentum map,” J. Geom. Phys., vol. 23, pp. 111–189, 1997.
[56] A. Donos, J. P. Gauntlett, and C. Pantelidou, “Magnetic and Electric AdS Solutions in String- and
M-Theory,” Class. Quant. Grav., vol. 29, p. 194006, 2012.
[57] A. Almuhairi and J. Polchinski, “Magnetic AdS2 x R2: Supersymmetry and stability,” 2011.
[58] A. Almheiri, “Magnetic AdS2 x R2 at Weak and Strong Coupling,” 2011.
[59] F. Larsen, “The Attractor Mechanism in Five Dimensions,” Lect. Notes Phys., vol. 755, pp. 249–281,
2008.
[60] M. Gunaydin and M. Zagermann, “The Vacua of 5-D, N=2 gauged Yang-Mills/Einstein tensor super-
gravity: Abelian case,” Phys.Rev., vol. D62, p. 044028, 2000.
[61] M. Gunaydin and M. Zagermann, “The Gauging of five-dimensional, N=2 Maxwell-Einstein supergrav-
ity theories coupled to tensor multiplets,” Nucl.Phys., vol. B572, pp. 131–150, 2000.
[62] F. Benini and N. Bobev, “Exact two-dimensional superconformal R-symmetry and c-extremization,”
Phys. Rev. Lett., vol. 110, no. 6, p. 061601, 2013.
[63] F. Benini and N. Bobev, “Two-dimensional SCFTs from wrapped branes and c-extremization,” JHEP,
vol. 06, p. 005, 2013.
[64] N. Bobev, K. Pilch, and O. Vasilakis, “(0, 2) SCFTs from the Leigh-Strassler fixed point,” JHEP,
vol. 06, p. 094, 2014.
[65] F. Benini, N. Bobev, and P. M. Crichigno, “Two-dimensional SCFTs from D3-branes,” JHEP, vol. 07,
p. 020, 2016.
[66] P. Meessen and T. Ortin, “Supersymmetric solutions to gauged N=2 d=4 sugra: the full timelike
shebang,” Nucl. Phys., vol. B863, pp. 65–89, 2012.
[67] A. Ceresole, S. Ferrara, and A. Marrani, “4d/5d Correspondence for the Black Hole Potential and its
Critical Points,” Class. Quant. Grav., vol. 24, pp. 5651–5666, 2007.
[68] K. Hristov, “Dimensional reduction of BPS attractors in AdS gauged supergravities,” JHEP, vol. 12,
p. 066, 2014.
[69] K. Becker, M. Becker, and J. Schwarz, String Theory and M-Theory: A Modern Introduction. Cam-
bridge University Press, 2006.
63
